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FOREWORD. 



By George 0ns Smith. 



In December, 1918, President E. G. Buckland, of the New York, New Haven & Hartford 
Railroad Co.,. at the instance of Mr. W. S. Murray, consulting engineer, of New York CSty, urged 
upon Secretary of the Interior Lane a survey of the sources of energy in New England and 
on the Atlantic seaboard as far south as Washington. Secretary Lane's response was that 
general and local studies of the country's available power had been pushed with vigor by the 
Geological Survey as a war measure and that the continuation of this work was already planned 
under a special appropriation asked from Congress, but as the plans had not contemplated 
work on the scale suggested by Mr. Buckland the Secretary invited conference and advice, for 
he at once saw the advantage of making this intensive analysis and working out a plan to pro- 
vide for the ever-growing energy requirements of this industrial region. 

On January 27, 1919, the Secretary of the Interior sent to Congress a supplemental estimate 
of '' an appropriation in the sum of $200,000 for a special investigation and report on the power 
supply for the Boston- Washington industrial region, to be made during the fiscal year 1920." 
Explanatory letters in which a constructive national power pohcy was urged were addressed 
to the chairmen of the committees on appropriations. ''The coimtry," said Secretary Lane, 
*' ia now passing through a period of transition, which, I firmly believe, will soon be followed by 
one of industrial activity and expansion. The enormous development of war industries had 
created an almost insatiabl^ demand for power, a demand that was overreaching the available 
supply with such rapidity that, had hostilities conti]:iued, it is certain that we should now be 
facing an extreme power shortage. Happily such a crisis was averted by the signing of the 
armistice, and the ensuing curtailment in the demand for war materials has carried us past 
immediate danger of a power famine in the industrial districts of the Northeast." 

The Director of the United States Geological Survey was heard on the proposal January 30 
before the Appropriation Committee of the House. The proposal excited interest but lacked 
wide support, and the committee failed to report the item for further consideration by Congress. 

Dimng 1919 the subject of power conservation was fully discussed before engineering socie- 
ties and trade and commercial bodies and in the technical and financial journals, so that the 
appropriation item was better received at the next session of Congress. Mr. Murray, who had 
accompanied Mr. Buckland in the earlier conference with the Secretary of the Interior, was 
foremost in winning both popular and professional support for the idea, and the strongest pre- 
sentation of the subject to the House Committee on Appropriations was made by a committee 
appointed by the Engineering Council, of which Mr. Murray was chairman and L. P. Brecken- 
ridge, professor of mechanical engineering, Yale University; D. C. Jackson, professor of electrical ' 
engineering, Massachusetts Institute of Technology; and M. O. Leigh ton were the other 
members. 

An appropriation of $125,000, carried in the sundry civil appropriation act for the fiscal 
year 1921, among the items under the United States Geological Survey, authorized the proposed 
investigation in the following language: 

For the survey of power production and distribution in the United States, including the study of methods for the 
further utilization of water power, and the special investigation of the possible economy of fuel, labor, and materialB 
resulting from the use in the Boston- Washington industrial region of a comprehensive system for the generation and 
distribution of electricity to transportation lines and industries, and the preparation of reports thereon, $125,000. The 
Secretary of the Interior is authorized to receive any sums which may be contributed for this purpose. Such sums 
shall be deposited in the Treasury and credited to the appropriation herein made and be available for expenditure 
iar the purposes thereof. 

9 



10 FOREWORD. 

The work was promptly organized, and a strong engineering staff was selected by Mr. 
Murray, who had been appointed by the Secretary of the Interior as the logical man to 
head this engineering study. The engmeers appointed to a^ist Mr. Murray have met every 
expectation, and great credit is due to them for their tireless enthusiasm for the work, inspired 
by both professional and public spirit, and to Mr. Murray for his wise choice of associates. 
C9iief Hydraulic Engineer Groyer, of the United States Geological Survey, and Chief Mechanical 
Engineer Hood, of the Bureau of Mines, became members of the engineering staff, so as to 
coordinate this special study with the ciurent investigations of the Federal bureaus. This special 
shortrperiod study was administered as a unit under the water-resources branch of the Geo- 
logical Survey. 

Secretary of the Interior Payne added to the driving force of this intensive study an advisory 
board consisting of men of vision and experience, representing our railroads, both steam and 
electric, and manufacturing, engineering, and chemical industries. These busy men held ^ight 
meetings during the year — a service that has added value to this report as now presented. 
The legal and financial aspects of the superpower project formed the subject of discussion at 
several of the meetings of the advisory board, but tlie formulation of conclusions on these 
aspects was deemed inopportune without further consideration, which it is proposed may be 
given by the board under authority of new appointments by Secretary of the Interior FalL 

The cooperation of all the industries affected by the proposed larger electrification was 
unstinted. Engineering aid was freely given, data wew promptly furnished, and money was 
generously contributed as needed. No ^^doUar-a-year" men were engaged on this work, but 
under the specific authority of CSongress $26,000 was contributed by 36 corporations and indi- 
viduals representing utilities and industries in the zone. 

The advisory board, under the leadership of Prof. Breckenridge, was kept fully informed 
of each step in the engineering study of the problem, and the active interest of many of the 
members led to constructive criticism, but no further responsibility for the conclusions here 
reported can be placed upon the advisory board. For the work done in the engineering staff 
a division of responsibility and credit is necessarily difficult, as here a group of workers has 
thoroughly coordinated its endeavors. In the appendixes to the report the responsibility of 
authorship has been indicated so far as possible^ but the credit for the successful issue of the 
year's work must be given to the staff as a whole. 

The investigation was begun on July 1, 1920, and the report was completed on June 30, 1921, 
as contemplated by Congress, a result in itself creditable to all connected with this special study. 

June 30, 1921. 



A SUPERPOWER SYSTEM FOR THE REGION BETWEEN 

BOSTON AND WASHINGTON. 



By W. S. Murray and others. 



SUMMARY REPORT. 



By W. S. Murray. 



INTRODUCTION. 

On first presenting the subject considered in this report to the late Secretary of the Interior, 
the Hon. Franklin K. Lane, I used the word "superpower" to describe a system that would 
furnish power to the railroads and the industries within the territory between Boston and Wash- 
ington that has now become more famiUarly known as the superpower zone. (See PL I.) 
The system in turn has become known as the superpower system, and as the investigation has 
progressed it has taken the form of a proposed entity capable of incorporation as either one or 
more superpower companies. 

My association with the power business during the last 15 years in the electric utihty, 
railway, and manufacturing fields had so forcefxilly impressed upon me the unnecessary waste 
of money, labor, and material incident to the present form of power production by imasso- 
ciated imits that it seemed a constructive move in the interest of large national economy to 
present a plan for coordinated power production which would prevent this waste. 

In reading this report two things should be kept in mind — ^first, that the economy in power 
production and distribution thus far attained has been due largely to the electric public utilities; 
second, that the failure to attain the highest possible economy has been due largely to restrictive 
policies that have inhibited the expansion of electric pubhc utilities. 

If this report accomplishes nothing more than to show the saving in labor, material, and 
money that could be effected by the installation of a power system adequate to serve both 
the railroads and the industries in the superpower zone, then, by the token of this saving, I plead 
in the name of national economy for a broad poUcy in legislation, regulation, financing, and 
management that may not only remove the existing inhibition but may give positive encour- 
agement to the expansion of electric utilities, especially within this zone, so that adequate, 
reliable, and cheap power may become available to permit the normal expansion in oiir indus- 
tries, together with economical expansion in the capacity of our railroads to handle the increased 
tonnage incident thereto. 

The physical details of the plan proposed are given under the heading "The superpower 
system" (pp. 13-15) ; but, in order that the true objective may not be lost and that the function- 
ing of the whole, with its total result, may be comprehended, it should be remembered that the 
superpower system is nothing more than a superutility. AU its parts will be fashioned similarly, 
like the parts, for example, of the New England Power Co., with its 12 power stations and its 
750 miles of transmission lines; but owing to the greater capacities and distances involved in 
the superpower system, its generating units and transmission lines will be larger and more 
efficient than those now in use. It will make no difference whether the system is a single great 
superutility or several utilities built up separately and functioning in close relation to one 
another. In applying the principles to be set forth in this report the superpower system should 

be visualized as one great power project serving the superpower zone. 
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12 A SUPEBPOWER SYSTEM FOE THE REGION BETWEEN BOSTON AND WASHINGTON. 

SUMMARY OF CONCL.USIONS. 

The market for superpower energy will be furnished by the electric utilities, the industries, 
and the railroads. The estimated requirement for energy supplied through the electric utilities 
for mimicipal, private, industrial, and railroad purposes in 1930 is 31,000,000,000 kilowatt- 
hours. This energy could be supplied by a coordinated power system such as is described in 
this report at an annual cost of $239,000,000 less than by an uncoordinated system such as is now 
in use. This amount represents the net saving after the necessary fixed charges on total capital 
expenditure have been deducted. The cost of uncoordinated power production in 1930 is com- 
puted from the cost of the present system in 1919. The total investment in generating and 
transmission facilities for the superpower system will be $1,109,564,000, of which $416,346,000 
will represent the value of existing facilities to be incorp^orated into the system. 

A study of the 96,000 manufacturing establishments operating within the superpower zone 
shows that by 1930, through the maximum economical use of purchased electric energy, they 
can save $190,000,000 annually above the fixed annual charges against a capital investment of 
$185,000,000 to provide the motor equipment necessary to receive and use this power. 

The combined capital investment necessary for the electric utilities and the industries as of 
1930 therefore amounts to $1,294,564,000, and this total investment will yield annually above 
the fixed charges the sum of $429,000,000, or 33 per cent on the investment. 

Within the superpower zone there are 36,000 miles of railroad measured as single track — that 
is, including each track of main lines, yards, and sidings. Of this total about 19,000 miles can be 
profitably electrified, so as to yield by 1930 an annual saving of $81,000,000 as compared with the 
cost of operation by steam. The capital expenditure necessary to electrify the 19,000 miles would 
be $570,000,000, and the average return upon the investment would therefore be 14.2 per cent. 

As defined in another section of the report, the superpower system begins at the generating 
stations connected to its lines and ends at the busses of existing electric utilities. Therefore, 
the cost of power discussed in this report means cost at the busses of the electric utilities and 
must not be confused with the cost to the ultimate consumer, which is necessarily much greater, 
owing to the added cost incident to secondary distribution systems. 

Studies of the operations of each load center have shown that a large quantity of coal could 
have been saved had superpower facihties been available in 1919. On comparing the coal rates 
of power production in 1919 with those of the superpower system and applying the difference 
to the load that will exist in 1930 we find that the coal saved annually under the superpower 
system may be estimated as follows: 

Short tons. 

Electric utilitiee 19,149,000 

Heavy-traction railroads 10,210,000 

Manufacturing industries 20, 625, 000 

49, 984, 000 

The order in which the superpower steam-electric and hydroelectric power plants and 
transmission systems should be constructed must depend (1) on the present industrial demand 
for energy that can not be satisfied because of the difficulties of the local electric utilities in 
financing extensions; and (2) on the future demand for energy that will result from the more 
economical generation of power imder the superpower system. 

Many of the economies incident to superpower operation will be effected through the inter- 
connection of existing plants and systems, and these economies should be Increased as new 
power plants and interconnections are added. Certain steam plants that are under consideration 
and others that are under construction will be when completed as efficient as the proposed base- 
load steam-electric plants of the superpower system. Notable among these plants are the Hell 
Gate station now being constructed by the United Electric Light & Power Co. of New York 
City and the Delaware station of the Philadelphia Electric Co. However, by keeping in mind 
the two conditions, already stated, that should govern the order of construction, it is believed 
that the quickest return will be obtained by following in chronologic sequence the order of 
procedure outlined on page 13. 



m 



o' 



■ 

r 



/ 




V. 



\ 



.'"S i,-' 



^ 



■ m 



^ 1 



/ 



^ /^^ 






;-v / 



/ r " A H 



f^^ 



/ 



r.. 



) \^ 



r^)/ 



MONT 



/ L O U D O U 



'AUOUim 






■ :* ■ 



^w^mmmmmmnfm 



SUMMABY BEFOBT. 13 

1. The construction of a steam-electric plant near Pittston, Pa., to supply a part of its 
energy to the Anthracite division of the superpower zone and the remainder to the Metropol- 
itan division, particularly New Jersey. 

2. The construction of a steam-electric plant near Sunbury, Pa., to supply a part of its 
energy to the Anthracite division, a part to the Reading load center, and the remainder to 
Philadelphia. 

3. The construction of hydroelectric plants on Delaware and Susquehanna rivers to sup- 
plement the steam plants indicated in paragraphs 1 and 2. 

4. The progressive development of the Hudson River projects to meet the growth of energy 
requirement at the Schenectady, Utica, Poughkeepsie, and Pittsfield load centers. 

5. The construction of a steam-electric plant near Boston to supply the Boston, Lowell, 
and Newburyport load centers. 

6. The construction of a steam-electric plant near New Haven to supply the New Haven, 
Bridgeport, Waterbury, and Norwich load centers. 

7. The partial construction of the first hydroelectric plant in the development of Potomac 
River as soon as the power demands of the Baltimore and Washington load centers require 
additional plant capacity. 

Plant capacities are not stated above, as they can not be finally determined except by further 
and more detailed study of local conditions combined with regional demands. The load growth 
at all the centers, however, will make it imperative to provide new plant capacity at an early 
date, so that the construction of additional plants, as detailed in Appendix E, must be started 
promptly after the plants that will yield the greatest return have been built. 

THE SUPERPOWER SYSTEM. 

The territory in which the superpower survey has been made — the ''superpower zone" — 
m^y be described as lying between the thirty-ninth and forty-fourth parallels of latitude and 
extending from the coast approximately 150 miles inland, embracing parts of the States of 
Maine, New Hampshire, Vermont, New York, Pennsylvania, Delaware, and Maryland and 
all of the States of Massachusetts, Rhode Island, Connecticut and New Jersey. (See PL I.) 
Within this zone is concentrated one-fourth of the population of the United States, and within 
it are operated, most of them independently, 315 electric utilities, 18 railroads, and 96,000 
industrial plants. The superpower zone is the finishing shop of American industry. 

Unlike the Pacific coast region, where water power aboimds and industry is relatively small, 
the superpower zone has relatively small hydroelectric resources and ntf^unum industrial-power 
requirements. TVhien the increases during the last 10 years are projecip^D 1030, even at a lower 
rate, the total energy requirement of the zone in that year is foimd te be 31,000,000,000 kilowatt- 
hours, of which about 21 per cent can be supplied from water power. 

Fortunatdy some of the best coal deposits in the country lie near this great industrial 
territory, and a prime economic purpose should be so to conjoin the hydroelectric supply of 
power to the steam-electric supply as to produce a maximum of energy for a minimum invest- 
ment of capital and a minimum operating expense, and at the same time to conserve the rapidly 
disappearing cheap fuels of the Appalachian coal fields. 

The superpower system here recommended comprehends a plan of power production that 
includes the generation of electricity by steam at tidewater and on inland waters where a suffi- 
cient quantity of condensing water can be obtained, and also the utilization of all hydroelectric 
power that may be economically obtainable from rivers within the zone or within transmission 
distance of it. The electric power so generated will be coordinated through a system of inter- 
connected transmission lines, the potentials of which will be on the order of 220,000 and 110,000 
volts. (For the assignment of these voltages see Appendix E.) 

Plates II and III show how the superpower system should appear in 1925 and 1930. They 
give the locations of the new steam-electric plants, the hydroelectric plants, and the load centers 
for each year and show the interconnecting network of transmission systems required. Had 
superpower been available in 1919 the number of load centers to which its power could have 
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been supplied economically would have been 20, and this number as the maps show, will increase 
to 34 in 1930. 

Under the present independent operation of the electric utilities and the manufacturing 
industries in the superpower zone the existing power plants are numerous and small. The 
leverage capacity of the 658 electric-utility plants now in operation in the zone is 7,900 kilowatts, 
and that of the steam-electric plants 10,000 kilowatts, while the hydroelectric plants average 
only 2,800 kilowatts. Out of 96,000 industrial establishments in the superpower zone 76,000 
use power, and each of these isolated plants averages about 350 horsepower. Under the supers 
power system, by contrast, the number of power stations required to supply the entire zone in 
1930 will be only 273, of which 218 will belong to the existing electric utilities. The capacity 
of the base-load steam plants will range from 60,000 to 300,000 kilowatts. In none of these 
plants will there be installed a turbo generator having a capacity of less than 30,000 kilowatts. 

The new power stations and load centers will be so located with reference to the existing 
electric-utility plants that are to be incorporated in the system as to insure the maximum 
aggregate economy in power generation and transmission. A prime object to be attained in 
the superpower plan is the maximum economic utilization of existing generation and trans- 
mission equipment. In the early stages, while the superpower system is taking form, existing 
electric-utility capacity will predominate. Indeed, in 1930, as much as 31 per cent of the total 
superpower capacity will be contained in plants belonging to the present electric-utility com- 
panies. 

The superpower system would and should fail to achieve its purpose if it should seek to 
supplant or even to compete with the existing electric utilities. Its object is exactly the reverse. 
In view of the great economies already effected by the electric public utilities, the creation of 
the superpower system can be urged only as it shall come into being to coordinate and supple- 
ment these utilities and carry to a higher degree the service and the economies incident to their 
present operation. 

It should not be difficult to see, therefore, that the superpower system will provide for a 
series of load centers, at which power may be made available at lower cost than can be attained 
under the present unassociated systems of power production and distribution. At these load 
centers, located where economy may dictate, power so made available will be coordinated with 
power generated at existing electric-utility plants and distributed by transmission or distribu- 
tion systems to the consumers, as it is to-day. 

. Under the heading "Summary of conclusions'' it was stated that in the operation of electric 
utilities the superpow^ system, in comparison with independent operation, would save 
$239,000,000 in 1930.^^jBie question might be asked, Could not the same result be attained by 
the electric utihties themselves in the course of their normal expansion ? The coordinated plan 
of power production by the superpower system represents the highest possible commercial 
efficiency and must therefore yield the maximum economies. I beUeve that no possible expan- 
sion of the present imcoordinated electric pubUc utihties can reach the economic results promised 
by the superpower system, for the physical structure of the superpower system, as outlined in 
the appendixes to this report, employs minimum capital and minimum labor to produce a 
maximum of electric energy. 

In the discussion of the superpower system there has been some tendency to look upon it 
more as a company than as a principle, but the foregoing statements should make it clear that 
superpower is merely a name for the principles that should govern the expansion of the existing 
electric utihties. A better term than superpower would have been superutility. 

The electric utilities, the railroads, and the industries within the superpower zone have 
freely given their data to permit a determination of the amoimt and location of load and demand 
and have supplemented them with data showing the cost of producing their power in 1919. 
The superpower system will be a regional system supplying power through the electric utilities, 
at the highest economy, to the two agencies that are most vital to American existence — industry 
and transportation. The highest economy in investment and operation will be gained by 
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maintaining the size of the electric generating units at a maximum and thus reducing capital 
and operating cost to a niinimum. The highest economy resulting from diversity economy 
will be gained through a wisely ordered interconnecting system of lines of transmission and 
distribution — a system which also offers the highest economy in the development of water 
power, for it makes possible the use of a maximum nimiber of cubic feet of water per square 
mile of drainage area, thus reducing to a minimum the amoimt of power generated by steam. 

In determining the amoimt and cost of the power produced within the superpower zone it 
was obviously necessary to select the latest year for which full construction and operating 
information could be obtained — the year 1919. On account of the extremely high cost of ma- 
terial in that year, however, this selection has introduced high fixed charges; but this is offset 
by the saving in high-priced coal and the consequent reduction in operating expenses resulting 
from the higher efficiency of the superpower system as compared with the present indepen- 
dently operated electric utflities. 

As efficiencies have increased with the enlargement of the plants operated, the cost of 
producing power has been lowered. The best reflection of this decrease in cost is seen in the 
electric utilities themselves. Much of it has been the result of interconnection, which has per- 
mitted the use of larger machinery and a better utilization of water power. In the isolated 
plants and on the railroads, however, although the cost of power has been lowered, the de- 
crease has been far less, because in both of these the power equipment is small and its operation 
is affected by conditions that prevent much gain in efficiency. 

It may be argued that it would be imfair to extend the costs of independent operation for 
1919 to 1930 and at that year strike a difference between them and those of the superpower 
system. This argument can not be gainsaid, but if the figures representing the cost iA 1919 of 
unassociated power production are not lowered by 1930 then the full savings previously indi- 
cated as possible by the superpower system can be claimed. Unquestionably the figures for 
191d will be lowered by the further consolidation of existing utilities, but imless the electric 
utilities act in complete cooperation and themselves adopt a plan of coordinated expansion 
by which the load centers of the zone can be supplied with power at minimum cost then the 
economies they can independently effect will never reach the maximum attainable under the 
superpower system, which involves the complete coordination o( the Ayigting power stations 
of the electric utiUties and the new stations to be constructed. 

DEFINITIONS. 

A few of the tenns used in this report are defined below: 

Assigned lo^motives. — Locomotives actually engaged in nins between terminals or in switching operations. 

Base-load plant. — ^A generating plant designed to carry that part of the load which is practically continuous. 

Capacity factor. — ^The average load on a plant expressed as a percentage of the effective capacity of the plant. 

Class 1 railroads. — ^Railroads having an annual operating revenue of 11,000,000 or more. 

Cost of power delivered. — ^The sum of the cost of production and transmission and the general expense. 

Dl?erslty economy. — ^The saving made by interconnecting generating stations whose peak loads are reached at dif- 
ferent times and so distributing the load among stations of different unit operating costs as to deliver power at 
minimum cost. 

JMf erslty factor. — ^The ratio of the sum of the maximum power demands of the subdivisions of any system or part of 
a system to the maximum demand of the whole system or of the part of the system under consideration, measured 
at the point of supply. (Standards of the American Institute of Electrical Engineers, section 3464.) 

Emotive capacity. — ^The rated capacity of a plant as limited by boilers, prime movers, or generatora. 

Fixed cbarges. — ^The cost of money, depreciation, obsolescence, taxes, and insurance. 

General expenses. — ^The administrative, legal, and fixed expenses and expense of office supplies. 

JLoad factor (hour yearly).— The ratio of the average power to the peak power expressed as a percentage of the peak 
power. 

Operating cost. — ^The cost of fuel, operating labor, maintenance, (including depreciation and obsolescence) and 
supplies. 

Peak-load plant. — ^A generating plant designed to cany the peak loads. 

Production cost. — ^The sum of the operating cost and fixed charges for a power plant. 

Reproduction cost. — ^The cost in midyear of 1919 of an up-to-date plant of the same capacity. 
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Total ton-mlles.— The weight of the train in tons, including the locomotive and tender, multiplied by the distance 

run in miles. 
Timlllns ton-miles.— The total weight of the train in tons, exclusive of the locomotive and tender, multiplied by 

the distance run in miles. 

Transmlssioii syst^n cost. — The sum of the operating cost and fixed charges for a transmission system, including 

substations. 

SUMMARY OF APPENDIXES. 

The problem set for the engineering staff, briefly stated, was that of detennining the total 
amount and the location of the power load that would be required for municipal, private, in- 
dustrial, and railroad purposes at a date sufficiently in advance to permit the construction of a 
system of the highest economy to supply it. The date chosen was 1930, and the allocation of 
the load and the power-generating facilities for the six geographic divisions of the superpower 
zone is shown in Appendix E. 

In the earlier stages of the investigation, therefore, the entire attention of the engineering 
staff was concentrated upon the work of determining the amount and the location of the load. 
This work was done through the cooperation of the electric utilities, the railroads, and the in- 
dustries within the zone. The engineering staff then imdertook to determine the amoimt and 
the location of generating and transmission capacity to supply the demand thus ascertained. 

The appendixes, which are here only briefly summarized, are laigely, if not entirely, the 
work of their authors, to whom reference is made under "Organization," in Appendix A. I 
believe I can fairly say that in the endeavor to solve the problem set for us the engineering 
staff followed a route in which my principal engineering associates, Messrs. Butler, Flood, 
Hutchinson, and Imlay, were in full accord with me. To them and to their assistants may be 
ascribed the full credit for the collection of the information required for the report and a very 
large share of the credit for working it up. For the details that served as the groundwork for 
the conclusions reached I would suggest a careful study of the appendixes. 

Appendix B. Bleotric utilltiea in indepeiid«nt operation in the superpower aone in 1010. 

In the New York, Baltimore, and Washington load centers the predominating frequency is 
25 cycles; in the remainder of the zone it is 60 cycles. 

The electric-utility load will grow from approximately 10,000,000,000 kilowatt hours in 
1919 to 26,000,000,000 kilowatt hours in 1930. The figure for 1930 has been predicated upon 
an annual rate of growth of 9 per cent, a safe figure, for the annual rate of growth during the 
last 10 years has been 11 per cent. 

Figure 1 shows the disiribution of electric-utility load between Boston and Washington 
by load centers for 1919 and indicates the tremendous concentration of power in the vicinity of 
New York City. The data given by the electric utilities concerning load growth are shown 
graphically in figure 21, which indicates the decentralization of power that will have taken 
place by 1930. 

It is apparent that the locations for future electric-power plants must lie outside the densely 
populated districts. The higb-voltage circuits of the superpower system in general will form 
ring busses around the larger cities of the zone, on the outskirts of which will be located sub- 
stations with transformers having their primaries connected to the superpower circuits and 
their secondaries connected to the existing distribution lines of the electric utilities. 

The peak loads for the Anthracite and Mohawk-Hudson divisions occur in the morning. 
The peaks for the other divisions occur in the afternoon. The annual peak for the zone as a 
whole occurs about 5 in the afternoon, usually in December. 

Out of 558 electric-utility plants in the superpower zone there are but 36 whose capacity 
equab or exceeds the average capacity of the plants for the superpower system in 1930. Out 
of the 1,074 generating units of 500 kilowatts or more operating within the zone in 1919, only 
about 20 had a capacity greater than 30,000 kilowatts. 

It is of interest to note that a plant delivering power with a load factor of 40 per 
cent turns out 76 per cent of its energy (kilowatt-hours) before its capacity (kilowatts) has 
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been taxed 40 per cent, the remaining 60 per cent of its capacity being required for the remain- 
ing 24 per cent of energy, thus showing the small amoimt of energy involved in peak operation. 
This statement brings out the very important point that the superpower system employs 
the generating capacity of the existing electric utilities for application to peak loads, the 
new and lai^er superpower stations contributing their low-cost energy for base load. 

The relative cost of power production by large and small units is shown. A comparison 
of the production cost for plants greater than 100,000 kilowatts with that of those less than 
1,000 kilowatts shows a ratio of 3 to 1 for cost of fuel and 4 to 1 for cost of maintenance and 
supplies in favor of the larger plants. With these marked economies in mind, it is clear that 
base load should be supplied from superpower plants employing units of not less than 30,000 
kilowatts each. 

Table 3 brings out the performance of 400 steam-electric plants and 158 hydroelectric 
plants operating within the superpower zone in 1919. The fuel rate for the average steam- 
power plant is 2.73 pounds per kilowatt-hour, with a heat requirement of 35,800 British thermal 
units per kilowatt-hour. These figures contrast strikingly with the fuel rate of 1.41 poimds 
per kilowatt-hour and the heat requirement of 18,300 British thermal units per kilowatt-hoiu* 
that can be obtained from the base-load steam-electric plants of the superpower system operating 
at the same annual capacity factor. 

Under independent operation in 1919 the generating capacity required was 46 per cent 
greater than the annual peak load, and the resulting annual capacity factor was 26 per cent; 
under the superpower system in 1930, through joint reserve, the generating capacity required 
will be only 9 per cent greater than the annual peak, and the annual capacity factor will be 
45 per cent. 

The reproduction cost iov steam and hydroelectric plants under independent operation as of 
1919 is $156 per kilowatt of capacity; the corresponding cost under superpower operation is 
$125 per kilowatt. 

The average unit production cost for the electric utilities in 1919 was 1.93 cents per kilowatt- 
hour; the cost of the electric power produced by steam was 2.12 cents, and that of the hydro- 
electric power was 0.94 cent. In the steam-electric base-load plants for the superpower system 
the production cost, based upon the same capacity factor that is applied to electric independent 
operation, will be 0.99 cent per kilowatt hour, as compared with 2.12 cents. 

Appendix C. Proposed electrification of heavy-traction raUroadB in the superpower zone. 

Density of traffic is the controlUng factor in railroad electrification. Within the superpower 
zone there is a large railroad mileage upon which the traffic is sufficiently dense to require 
careful consideration of the savings to be effected by electrification — in fuel, in maintenance 
of equipment, and through economies incident to the reduction in train-miles. 

The zone contains some 36,000 miles of main line, yards, and sidings, of which 19,000 
miles could be profitably electrified. The total capital expenditure necessary to electrify this 
mileage is $570,000,000, and the result of the analysis promises an annual saving of $81,000,000, 
or 14.2 per cent on the investment. 

The response by the railroads to requests for data relating to their operations in 1919 has 
been so generous and the compilation of these data in this appendix, with the conclusions 
deduced from them, is so complete that instead of attempting to summarize the appendix I 
will only refer to the more general aspects of the problem. 

In the earlier days of railroad electrification, as, for example, on the New York Central, 
the New Haven, and the Pennsylvania, we were all groping and feeling our way. That wks 
20 years ago, and in this age of rapid progress 20 years is a long time in which to make up our. 
minds regarding the fundamental principles of electrification. Even the dyed-in-the-wool 
steam-locomotive man has become interested in the electric locomotive, because he has found 
that the steam locomotive can not perform its work satisfactorily in the environment that 
belongs to the electric locomotive. The reverse is also true — there are railroad tracks on which 
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electric locomotives have no place. To find where electric train propulsion should be used 
does not, however, completely solve the problem. Money must be obtained to put electric 
locomotives where they belong. 

When the electrified portions of the New York Central, the New Haven, and the 
Pennsylvania were first operated the railroad companies paid out their own dollars for their 
motive-power equipment and for the power stations to run it. The whole expenditure was 
therefore borne by the railroads. About that time Mr. Samuel InsuU, with far-seeing per- 
spective, declared that the power required for electrified railroads should come from the 
large electric-utility plants. I am glad to admit that I was wrong when with othei-s I 
disagreed with him. I am more glad, however, to say that I stayed wrong only long enough 
to make up my mind to be a party to a contract for 40,000,000 kilowatt-hours per annum 
from the United Electric Light & Power Co. to supply the west end of the electrified stretch 
of the New Haven road. Since that date it has been my belief that the production of electric 
energy should be confined to those in the power business and that the railroads should purchase 
electric energy and confine themselves to the transportation business. The railroads will thus 
be assured of adequate, reliable, and cheaper power and will be relieved of the cost of building 
their own power stations. 

A further step of fundamental importance that would lighten still more the burden of 
investment cost, which at this time the railroads are so peculiarly unfitted to carry, would be 
to standardize as far as possible the motive-power equipment required for the three classes of 
railroad service — passenger, freight, and switching. Such standardization would simplify 
electrification and therefore reduce the cost of maintaining equipment, as well as lessen the 
investment cost. Motive-power equipment so standardized as to be operative on 19,000 miles 
of track would offer a foundation for an equipment trust bond that would be most attractive 
to bankers and would relieve the railroads of a heavy capital requirement. In short, the 
railroads, not being called upon to build motive-power equipment or power stations, would 
have to pay only the electrification cost incident to their contact and distribution lines, and 
the charge against their capital account would be only 20 to 25 per cent of the amount required 
20 years ago, when they were paying 100 per cent of the cost of electrification. 

I hold no brief in this report with regard to systems. It has been well said that either the 
direct-current or the alternating-current system is better than steam. After these 20 years of 
heavy-railroad electrification one can not close his eyes to the advantages or disadvantages of 
either system. Though I was instrumental in selecting and installing the single-phase (alter- 
nating current) system on the New York, New Haven & Hartford Railroad, I am conscious of 
two elements that may militate against this system — (1) the low power factor, which calls' for 
unproductive capacity in power-plant and transmission equipment, and (2) ,the undeniable 
fact that this system induces serious electromagnetic effects upon adjacent telegraph and 
telephone facilities. In the high-voltage direct-current system electromagnetic induction is 
practically eliminated, but that system has not yet offered a practical midtiple-control imit 
equipment such as is necessary to suburban operation. On the other hand, the multiple-imit 
equipment of the high-voltage single-phase system has given the highest satisfaction on the 
railroads that use it. But these are mere details. The best high-voltage direct-current mul- 
tiple-unit equipment must be worked out if the railroads in this zone are to be so operated. 
If power is obtained from substations of electric-utility companies the investment cost will be 
practically the same for either of the two systems. 

This explanation should make it clear that neither system is here favored as against the 
other, notwithstanding the fact that in Appendix C the 3,000-volt direct-current system has 
been employed in making the estimates of construction cost. This has been done only in order 
that a complete system of construction figures could be worked out, from the superpower stations 
to the driving wheels of the motive power. 

Although the zone is large enough to permit the use of both systems, I would emphasize 
the recommendation that the great electric manufacturing companies of this country draw 
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together rather than apart and that they unite in a common specification for electric motive 
power to replace steam, for the final result would be tremendously improved by this action. 

In addition to the argument that the railroad companies should buy power from the electric 
utihties because the utilities are in the business of producing power, there is the very excellent 
ai^ument that the railroad load will not only swell the output of the utilities and therefore per- 
mit the installation of lai^er and more economical generating units but will produce the inher- 
ently high load factor common to railroad operation and thus tend to promote the maximum 
use of the generating capacity installed. ^ 

In contrast with the indicated return of 33 per cent to the electric utihties and the indus- 
tries through the operation of the superpower system the average return to the railroads on 
the investment necessary to electrify 19,000 miles will be only 14.2 per cent. Of course the 
percentage of return will vary from division to division, and figure 15 (p. 77) shows that this 
variation will be from 11 to 19 per cent. Naturally, therefore, the selection of railroad properties 
to be electrified, aside from requirements for pure increase in capacity, will be governed by the 
percentage of return to be expected. The greater savings attainable by the utihties and 
the industries should not overshadow the urgent requirement of railroad electrification. 
As measured to-day a money return of 14.2 per cent is good, and I think it can be fairly said that 
we must now begin to live into the new form of train propulsion that is offered by electricity, 
for thus will be created a means of railroad expansion to support the coming American indus- 
trial expansion, which our resources and the world requirements can not possibly fail to induce 
within the near future. No one can deny that the system in which we must Uve should carry 
with it prime principles of economy, which will include these features of conmiercial efficiency. 
Any saving in the consumption of coal by the railroads means the transfer of cars from waste- 
ful to productive transportation. 

The normal amount demanded annually for extensions and betterments for the railroads 
within the superpower zone is approximately $150,000,000, an amount which even in the face 
of present construction prices would suffice in three or four years to cover the cost of electri- 
fjring all the mileage mentioned. Should we continue to tinker with an old and inefficient 
machine when it is impossible to escape the installation of the modem and efficient one ? 

The higher price of coal and labor of the future compared with pre-war prices, which has 
dislocated the economic balance between railroad grades and the tractive power of locomo- 
tives; the lack of sufficient motive power that has been plainly demonstrated at critical periods 
in recent years; the steady increase in the tractive capacity of individual locomotives noted 
during the last 20 years; and the present hauling of trains weighing two to three times as much 
as those of the recent past are plain indications that in the near future large siuns of money 
must be expended for motive power. 

The well-known characteristics of electric locomotives, whose capacity and speed are not 
limited by rail and bridge strength and tunnel clearance, make electrification the true system 
into which we must promptly grow or pay the price for delay. This aspect is one entirely 
apart from that of the returns to be expected on the proposed capital investment shown in 
this report. 

Appendix D. Indiutry in the aupeipower zone. 

The maximum economical use of purchased power in the superpower zone in 1919 would 
have produced a saving in coal amounting to 13,502,100 tons. To determine this saving it 
was necessary to acertain the coal-burning rates of the industries that developed their own 
power as against the rates that would have been required to supply them power from central 
stations. 

Out of 96,000 individual establishments in the zone 76,000 used power. The industries 
analyzed included manufacturing establishments, laundries, mines and quarries, and Grovem- 
ment manufacturing institutions. In Table 48 the industries are hsted under 17 main groups, 
which are so subdivided as to form 53 classes. 
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The fundamental information required for the determination of the mechanical power- 
supply equipment and fuel used by all the industries necessarily had to be procured from the 
Bureau of the Census, if for no other reason because time would not have permitted its independ- 
ent compilation. This information is presented in the tables of the appendix variously — ^by 
character of power supply, by industrial subgroups, by county, and by size of plant. The 
presentation of the data in this form appears not only to be essential to this analysis but should 
be of great interest and value to all engineers who are interested in industrial power and heat. 

The analysis showed that in 1919 the equivalent of 9,311,440,000 kilowatt-hours was 
developed by prime movers operated by the industries themselves and that 3,338,800,000 kilowatt- 
hours was purchased. It further shows that it would have been economical to shut down 
4,008,200 horsepower of prime movers and purchase energy to the amount of 5,623,800,000 
kilowatt-hours, which would have made a total of 8,962,600,000 kilowatt-hours purchased in 
1919. The saving in coal thus effected would have been 13,502,100 tons — 71 per cent of the coal 
used by the industries for producing power, or 25 per cent of all the coal used by the industries. 
In making the industrial power analysis care has been taken not to invade the field of what might 
be termed by-product power — that is, power produced by the industries from coal that would 
have been burned anyway for heat and in industrial processes. The saving determined is that 
made on coal burned for power and chargeable to the supply of power. It has been difficult to 
separate one class of coal burning from the other, yet after consultation with many authorities 
a separation has been made.. 

In general it has been found that industrial establishments which require 500 horsepower 
or less can economically purchase energy. Only those that need more than 500 horsepower and 
that have special requirements for heat can generate their own power economically, and even 
these should have central-station connections to take up irregularities of load. The efficiency 
of power production by isolated industrial plants is precluded from any considerable improve- 
ment by their necessarily small average capacity. 

A careful study of the power requirement for industrial establishments in the superpower 
zone has been made and has shown that by 1930 an annual saving of $190,000,000 can be made 
to the industries themselves above the fixed chaises against an investment of $185,000,000 
for the motor equipment necessary to utilize the power. 

Such a result will not of course be effected by any mysterious magical act of a superpower 
system. Indeed, many of the electric utilities have already been in a position to offer large 
savings to the industrial plants within reach of their distribution circuits. 

In this study of the economical generation and distribution of power throughout the super- 
power zone full allowance has been made for the capital required to place regional plants in 
action, with their generating and transmission equipment connected with the distribution 
systems of the existing electric utilities, so as to reach every industrial worker in the zone. 
It is therefore hoped that this presentation of the saving that can be made may prov~e worthy 
of consideration by the executive officials of the industrial establishments in the zone. 

Appendix E. Performance and cost of the superpower system. 

Appendix E summarizes the report. It is built up of the appendixes that precede and 
follow it. It gives the investment cost and the cost of power delivered to the load centers for 
1919, 1925, and 1930. 

The cost of power at the busses of the electric utilities includes a return of 10 per cent 
on the money invested in the generating and transmission system. It is thought that during 
this present period of high interest a yield of not less than 10 per cent would be required to 
attract the necessary capital to this form of investment. 

Figure 1 shows the distribution of load in the superpower zone in 1919. A comparison of 
this diagram with figures 20 and 21 brings out the degree of decentralization that is possible 
through the agency of a superpower system. The 20 load centers of 1919 are increased to 
34 by 1930, and the superpower transmission system can not economically be tapped for a load 
of less than 20,000 kilowatts. 
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The frequency selected for the superpower system is 60 cycles. At the New York, Balti- 
more, and Washington load centers the principal frequency is 25 cycles, but generator sales 
in the ratio of 9 to 6 J in favor of 60-cycle apparatus during the last 5 years and generated out- 
put in the ratio of 4.75 to 2.2 during the last 10 years unquestionably establish the trend and 
determine the choice for the superpower system. 

The regional diversity existing in the superpower zone is assumed to be of more theoretical 
than practical importance, except the diversity existing between the Anthracite, Mctropohtan, 
and Southern divisions, which will become very marked with the growth of the Anthracite 
division load by 1925 and 1930. 

Capacity to provide for load growth has been determined largely from the trend of the load 
factor. (See pp. 154-156.) The load factor for the electric utiUties within the zone increased 
from 34 per cent in 1910 to 39 per cent in 1919. In some of the geographic divisions, such as 
the Metropolitan, the increase in load factor has been very slight; in others it has been large — 
for example, in the Southern division the load factor has increased from 33 to 43 per cent, largely 
owing to additions of industrial load. 

In 1919 only 15 per cent of the total output of the electric utilities was hydroelectric power. 
By 1930 this proportion will have been increased to 21 per cent. In 1925 50 per cent of the 
total generating capacity for superpower operation will be contained in plants owned by 
the present electric utilities, and they will produce about 26 per cent of the enei^. By 
1930 the corresponding percentage of generating capacity will have dropped to 39 per cent, 
and these plants will furnish only 18 per cent of the total output. They wiil be used princi- 
pally to carry peak load. 

In 1919 the average size of the electric-utility plants within the zone was 7,900 kilowatts; 
by 1930 this size wiU be increased to 29,900 kilowatts. An even more marked contrast is that 
between the average size of new steam-electric plants to be installed, which is 218,000 kilo- 
watts, and the average size of the steam-electric utihty plants existing in 1919, which is 10,000 
kilowatts. 

Of far-reaching importance, in my opinion, wiU be the maximum use of diversity economy 
made possible by the interconnecting circuits of the superpower system. By diversity economy 
I mean the ability to select capacity that will produce power at minimum cost. 

The xmit investment cost in new power plants for the superpower system is $118.25 per 
kilowatt of effective capacity; that for all plants is $125 per kilowatt. The unit reproduction 
cost of the electric utilities in 1919 was $156 per kilowatt of effective capacity. This reduction 
in cost for the superpower system is due to the greatly increased size of the plants. The con- 
trast is even more striking in the unit investment cost per kilowatt of demand, which is $196 
per kilowatt for independent operation and only $136 per kilowatt for the superpower system. 

In 1930 the transmission system of the superpower system will represent 9.3 per cent of 
the total investment cost. 

The new money required for the superpower system up to 1925 is $453,143,000 and up to 
1930 $693,218,000, thus making it necessary to raise $90,600,000 annually for the first five 
years and $48,000,000 annually for the following five years. The early installation of a trans- 
mission network ealls for the higher rate for the first five years. This rate, however, is justified 
by the annual saving resulting from interconnection. 

If the demand of 1930 were provided for by the independent systems as constructed to-day 
the total sum required would be $856,000,000, or $85,600,000 a year. Accordingly the con- 
struction of the superpower system will involve a saving in investment cost of $163,000,000 
during the next 10 years; in other words, the increase of capacity to meet growing demands can 
be financed by the superpower plan for $16,300,000 annually less than by the normal expansion 
of the existing electric utilities. On page 169 a full comparison is made between independent 
operation and superpower operation for the years 1919, 1925, and 1930. The net annual 
saving by 1930 above fixed charges and capital is approximately $239,000,000. 

Of great interest is the economic relation established between the joint use of steam and 
water power. It is shown that steam and water power can be so combined as to yield annually 
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$69,550,000 on an increased investment of only $44,838,000. Here is exemplified one of the 
prime advantages 6f superpower production, costs being reduced by means of the intercon- 
necting system which permits the highest economy in steam-produced power together with the 
maximum use of water power. 

The load growth in the Eastern New England, Western New England, and Mohawk- 
Hudson divisions should be sufficient to absorb the total available output of the St. Lawrence 
project by 1932; and the growth in the Metropolitan division should be sufficient to absorb 
300,000 kilowatts at a load factor of 80 per cent from Niagara in the same year. Power could 
doubtless be purchased from these hydroelectric plants at not over $20 per horsepower-year 
deUvered at their bus bars, and accordingly this figure is used in determining the effect of this 
arrangement on the cost of power to the divisions of the superpower zone that would be so 
supplied. 

The total annual cost for power delivered in 1932 to the load centers of the Eastern New 
England, Western New England, and Mohawk-Hudson divisions, if St. Lawrence power is used, 
will be $130,273,000; if the excess energy required in 1932 over that of 1930 were furnished by 
new steam-electric plants the cost* would be about $141,601,000. The development of St. 
Lawrence River would therefore save $11,328,000 a year to these geographic divisions; more- 
over, the total investment required to utilize purchased St. Lawrence power would be $24,826,000 
less than that required to construct new steam-electric plants to supply this excess energy. 
In the three divisions mentioned, which lie farthest from the coal fields, the cost of power 
generated by steam plants is inherently high, and therefore the St. Lawrence development will 
be of very great benefit to them. 

The total cost to the Metropolitan division for the power it will require in 1932, if Niagara 
power is used, will be $107,651,000. If the growth in energy required between 1930 and 1932 
were supplied from new steam-electric plants in the Metropolitan division, the total cost in 1932 
would be $110,899,000, showing an annual saving of $3,248,000 in favor of Niagara power. 
Were the power purchased from the Niagara power interests, the total investment for 1932 
would be $5,080,000 less than that required to generate an equal amount by steam. 

The use of the St. Lawrence power as suggested above would save 2,234,000 tons of coal 
annually, and the use of Niagara power in the MetropoUtan division as suggested would save 
1,204,000 tons of coal annually. 

The new power-plant capacity required in the superpower zone would be 3,098,000 kilo- 
watts in 1925 and 4,980,000 kilowatts in 1930. 

In Table 76 is shown the cost of power delivered from the new power plants and transmis- 
sion system of the superpower system for 1930. The lowest rate is that for the Southern 
division, 6.8 mills per kilowatt-hour; the highest is that for Western New England, 11.4 mills. 
The average for the whole superpower zone is 8.4 mills. This, however, is the combined rate 
for power generated in new, large, and highly efficient hydroelectric and steam plants. The 
true comparison in production costs between the superpower system as of 1930 and independent 
operation for 1919 is 9.3 nulls per kilowatt-hour as against 19.3 mills per kilowatt-hour. 

Finally, the appendix shows that in 1930 the cost of the power produced by the superpower 
system, inclusive of fixed charges, as delivered on the busses of the electric utilities, would be 
10.6 mills per kilowatt-hour, whereas the cost under independent operation as of 1919, exdusive 
of fixed charges, would be practically the same. This, in my opinion, is the fundamental 
reason why the expansion of electric utilities should follow the superpower plan. 

Appendix F. Steam-electric plants for the superpower system. 

Appendix F shows the capacity of the existing plants of the electric utilities to be retained 
in the superpower system and their location by geographic divisions. The total capacity 
retained is 2,677,000 kilowatts, which represents 79 per cent of the effective capacity of the 
steam-electric public utilities in the superpower zone in 1919. The reproduction cost of these 
plants is $329,219,000. 
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This appendix presents curves showing the average performance of existing steam plants 
and of the plants in the superpower system. The character and the design of the base-load 
steam plants are discussed. The performance of the retained steam plants shows that these 
should average about 2.15 poands of coal per kilowatt-hour, as against 2.73 pounds per kilowatt- 
hour for all electric-utility steam plants -operating in the zone in 1919, when both groups are 
operating at the same annual capacity factor. 

The average size of the steam plants retained is 44,600 kilowatts, and the reproduction cost 
as of 1919 is $124 per kilowatt, as against $109.50 for new steam plants as of 1930. After 
consultation with many representatives of manufacturers in all parts of the country and with 
designing and operating engineers, the following operating characteristics for base-load steam 
plants were determined: 

Steam pressure at turbine throttle, 300 pounds per square inch. 

Superheat at turbine throttle, 230** F. 

Final temperature at turbine throttle, 652® F. 

Absolute pressure at turbine exhaust nozzle, 1 inch of mercury. 

Of special interest is Table 80, showing summarized estimates of cost for three sizes of base- 
load steam plants. These estimates were made after consultation with many of the best authori- 
ties in power-station design and are considered conservative. 

The base-load steam plants for the system will be composed of units of 30,000 kilowatts or 
multiples thereof, and the largest plant proposed is one of 360,000 kilowatts. These plants will 
be built in units, and some of them will require the full 10 years for their expansion to complete 
size. Plate VIII shows the performance for these plants and takes into account such reasonable 
advances in the art of power production as may be made in 10 years. By 1930 the new steam- 
electric plants should operate at a capacity factor of about 62 per cent with a fuel rate of 1.43 
pounds of coal per kilowatt-hour. 

Table 80 shows that the unit investment cost of a base-load steam-electric plant varies but 
little with size after 120,000 kilowatts has been reached, being only 6.5 per cent less for a 360,000- 
kilowatt station than for a 120,000-kilowatt station. On the other hand, the unit cost of a 
30,000-kilowatt plant is 23 per cent more than that of a 120,000-kilowatt plant. 

The proposed new steam-electric plants have been so located as to obtain the fullest advan- 
tage of low freight rates, easy coal-delivery routes, and ample condensing water. Fourteen 
new steam-electric plants, aggregating 2,520,000 kilowatts, will be required by 1925, and four 
additional plants, or eighteen in all, aggregating 3,930,000 kilowatts, by 1930. The total for 
1925 is equivalent to 63 per cent of all the present steam-electric generating capacity in service 
for the utilities, and that for 1930 to 98 per cent. 

In the Anthracite division base-load steam-electric plants, using buckwheat No. 3 coal, 
can be operated most advantageously because of the combined use of their power for the 
Metropolitan and Southern divisions. The diversity between these divisions and the Anthracite 
division will permit operation at a capacity factor of 75 per cent, and under these conditions 
electric energy can be produced in 1930, inclusive of fixed charges, at 5.7 mills per kilowatt-hour. 
This figure is sufficiently low to permit the additional fixed charges on transmission for the part 
of the power that is sent to the tidewater region. 

There are three steam-electric power-station sites in the Anthracite region — one near Pittston, 
one' near the mouth of Nescopeck Creek, and one near Sunbury, all in Pennsylvania and all 
on Susquehanna River — at which sufficient condensing water is available to permit the develop- 
ment of 300,000 kilowatts each. 

Appendix G. Hydroelectric plants for the superpower sjrstem. 

The construction of a hydroelectric plant is economically justified if it produces its power 
at a cost less than that of a steam-electric plant of the same capacity. With maximum devel- 
opment of water power, however, the hydroelectric energy available witliin the superpower 
zone will amount to less than 21 per cent of the total electric power required in 1930. 
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Of especial importance in detennining the location and capacity of the new water-power 
plants for the zone is the economy attained by the development of rivers beyond their primary 
power. The dam and headworks of. a hydroelectric plant are the principal items of its cost. 
Additional generating units can be installed at half the cost of providing the same steam- 
electric capacity, and the construction of storage reservoirs will increase the capacity of the 
plant above the primary power of the river for eflfective use under peak loads. 

The principal rivers which can contribute water power to the superpower zone are the 
Potomac, Susquehanna, Delaware, Hudson, and Connecticut. It is proposed to utilize power 
from these rivers in 1930 to the following extent: 



Riyer. 



Potomac 

SuBquehanna 

Delaware 

Hudson 

Connecticut. . 



CaiMcity 
(kaowatts). 



200,000 
185,000 
350,000 
150,000 
165,000 



Output 

(miUionsof 

kUowatt- 

hoon). 



950 

1,230 

1,250 

900 

760 



Investment. 



$22,000,000 
28,000,000 
51,500,000 
38,350,000 
29,000.000 



ProduotiOQ 

costCmiUa 

per kilo- 

watt-hour). 



3.36 
3.22 
5.95 
5.84 
5.45 



It is proposed to develop these rivers above their primary power capacity for peak-load 
operation. 

The water powers of Niagara and St. Lawrence rivers are within transmission distance of' 
the superpower zone, but on account of the time-required for construction on the St. Lawrence 
and of the treaty restrictions concerning the use of the water at Niagara Falls the power from 
these sources has not been considered available in the zone prior to 1930. 

Under present construction and operating costs power purchased at Niagara or on St. 
Lawrence River at $20 a horsepower, ready for transmission at those points at potentials of 
not less than 220,000 volts, can be placed at Utica and Schenectady, N. Y., and at Northampton, 
Mass., for 4.6 mills per kdlowatt-hour, and at Paterson, N. J., for 5.7 mills. These figures assume 
purchases of not less than 300,000 kilowatts delivered at a load factor of not less than 80 per 

cent. 

The reproduction cost of the 451,500 kilowatts of existing hydroelectric capacity within 
the zone is $87,127,000. The new hydroelectric capacity which should be installed by 1930 
will bring the total capacity up to 1,501,500 kilowatts, of which the old plants will represent 
30 per cent. In 1930 the total hydroelectric investment will be $245,977,000, of which the 
old plants will represent 35 per cent. 

Appendix H. The superpower tranmnisaioii sjrstein. 

So far as the existing electric utilities are concerned the superpower system begins and 
ends at their power-station busses, and so far as the new superpower plants are concerned it 
begins at these plants and ends on the busses of the existing electric utilities. 

In presentations of the superpower plan I have said, ''The primaries of to-day will be the 
secondaries of to-morrow." The existing transmission systems of the electric-utility companies, 
which comprise about 1,200 miles operated at 33,000 volts or higher, will become distribution 
rather than transmission systems, and they will of necessity require expansion to distribute 
the additional power delivered to them from the superpower system. The transmission features 
of the superpower system will therefore have to do only with the transmission of power from 
the new plants to load centers and to the busses of the existing electric-utility plants. 

In 1930 the superpower transmission system should consist of 970 circuit miles of 220,000- 
volt lines and 4,696 circuit miles of 110,000-volt interconnecting lines. To these lines will be 
connected 5,600,000 kilovolt-amperes of transformer capacity, not including the transformer 
capacity in the base-load steam-electric plants. The construction of the transmission systems 
for the St. Lawrence and Niagara developments will add 3,140 circuit miles of 220,000-volt lines 
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and 1,824,000 kilovolt-amperes of transformers. Thus potentials of not less than 220,000 volts 
will be selected to transmit power from plants that are at considerable distances from the 
general interconnected superpower plants, and within the zone a potential of not less than 
110,000 volts will be employed for interconnection between power and load centers. Plates 
n and III illustrate the proposed transmission arrangements. 

In our study of the transmission problem within and without the superpower zone we have 
been most fortunate in obtaining advice and coimsel from most of the high-tension experts of 
this coimtry. Throughout this study it has been assimied as a necessary condition that the 
factor of reliability of transmission service for the superpower system must be the same as that 
of the busses of the power stations themselves. The transmission system has therefore been 
considered merely as a high-tension extension of those busses. 

Appendix I. BeliabiUty of service. 

The inherent features of the superpower system themselves constitute adequate provision 
for reserves throughout its structure. 

Appendix J. The relation of coal and coal-delivery routes to the superpower sjrstem. 

The elements of greatest importance in insuring a continuous supply of power are coal 
and the routes by which coal is deUvered to the superpower stations. Table 97 shows the 
distribution and use of coal in the superpower zone in 1919. 

Plate X shows the available coal-mining districts and the principal rail routes to the pro- 
posed base-load steam-electric plants for 1930. This map relates especially to bituminous 
coal, for the plants that bum anthracite wiU be built in the anthracite region. 

Throughout the study the cost of bituminous coal at the mines has been taken at $2.90 
per short ton — the weighted average cost for 1919 to the industries that used bituminous coal. 
Doubtless labor costs wiU be reduced, but this reduction will be offset by the necessity of develop- 
ing deeper mines and thinner seams and of extending underground haulage. The freight rates 
for 1919 were used in the calculations made for that year, but in the calculations for 1925 and 
1930 the freight rates in force January 1, 1921, have been used. 

For buckwheat coal used at stations in the anthracite region $1.75 per long ton has been 
used as the mine price for all periods, with $1 per long ton as the gathering charge. 

The cost of coal delivered to the several load centers is shown in. Table 98. Naturally 
these costs have played an important part in determining the location of steam-electric power 
stations. 

Six months' storage capacity for each plant is recommended and would yield obvious 
advantages. It would absolutely prevent interruption of service due to lack of fuel; it would 
permit the purchase of coal at the lowest price; and it would help to stabilize the nnining and 
transportation industries by making the demand for coal more uniform. 

The question whether the superpower system should own coal mines, coal cars, coal-delivery 
routes, either or aU, has been considered, and it nas been concluded that the superpower system 
should confijie its activities to the production of power and the storage of coal. 

Appendix K. Use of process fuels and pulverized coal for base-load steanx-electric plants. 

Under present conditions, in general, coal must be used in raw form to produce cheap power. 
Coal is treated by certain processes for two purposes — to place its energy in more desirable form 
and to recover valuable by-products. If power is produced by the use of either coke or gas from 
process-fuel plants the value of the remaining products, when credited to the cost of such fuels, 
is not sufficient to reduce their cost below that of raw coal. As certain by-products are essential 
in time of war regardless of cost, however, it has been deemed desirable in selecting a site for a 
superpower station to provide space for a processing plant and to adopt a method of boiler-room 
construction that will permit the use of process fuel if and when its use is found desirable. 

Appendix K compares the results of the use at base-load steam-electric plants of process 
fuels prepared by four methods. Table 99 shows that the cost of fuel prepared by three of the 
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four processes is higher than that of raw coal. Where gas is the process fuel made at by-product 
coke ovens it is cheaper than raw coal, but the large quantity of coke produced and the difficulty 
of disposing of it make this process generally impracticable. In certain situations, however, as 
the appendix points out, if the gas can be sold at a sufficiently high price processing of fuel may 
be economical. 

The greatest promise regarding process fuel lies in the direction of devising plants that will 
convert raw fuel entirely into gas for consumption imder the boilers at steam-electric stations 
and thus eliminate the enormous concentration of coke. Such a process plant used in combina- 
tion with a steam-electric plant may produce fuel at a cost materially lower than that of raw 
coal, but the experimental work done is not yet sufficient to permit a stronger statement 
than that the progress made is exceedingly encouraging. 

Appendix L. Basic costs. 

Appendix L, which considers cost of money, depreciation and obsolescence, and taxes and 
insurance, is so brief that it is in itself a summary. The term ''general expense," used in the 
estimates of cost of power production, includes salaries and expenses of administrative officers, 
engineers, and legal counsel, salaries of clerks, and expenses covering claims, stationery, printing, 
et-c. Amortization^ taxes, and insurance have been included under ''fixed charges" rather than 
in this item. 

Figure 61 shows the relation of "general expense" to annual gross revenue. This cirrve 
shows the small rate of percentage increase in charge for general expense for revenue above 
$3,000,000 and the marked increase for revenue less than $3,000,000. 
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In planning this investigation and effecting its organization it was clear that the power 
market to be served by the proposed superpower system would be divided between the electric 
utilities, the railroads, and the isolated industrial establishments. Accordingly, Mr. Lorin E. 
Imlay, Dr. Gary T. Hutchinson, and Mr. Henry W. Butler were recommended and appointed, 
respectively, as division engineers in charge of the departments of power and transmission, of 
railroads, and of industries. 

Associated with the division engineers as assistants, with duties so shifted as to maintain 
the highest engineering load factor in the work, were Messrs. Harold Groodwin, jr., Malcolm 
MacLaren, Norman C. McPherson, E. M. Newlin, B. J. Peterson, T. B. Rutherford, Arthur R. 
Wellwood, and Lyle A. Whitsit. I desire to make special mention of the able services renderM 
by these men. 

Mr. N. C. Grover, chief hydraulic engineer of the United States Geological Survey, and Mr. 
O. P. Hood, chief mechanical engineer of the United States Bureau of Mines, were detailed for 
advisory service on the engineering staff. Mr. Grover, in addition to serving in his capacity 
as hydraulic engineer, rendered much assistance in administrative work, and Mr. Hood 
especially studied the problems pertaining to the use of process fuels. . 

That the work in all departments might be completely coordinated a principal assistant, 
charged with the assembling of all data and the preliminary preparation of the text of the report, 
svas imperatively needed, and for this responsible duty Mr. Henry Flood, jr., was appointed, 
with the title of engineer-secretary. The duty of the engineer-secretary included the checking 
and coordination of the information collected for the several appendixes, and the speed of its 
collection or compilation for any particular appendix was increased or slackened, as occasion 
might require, to make it fit in with the rest, so that the report as a whole could be com- 
pleted on time. 

An advisory board was selected, consisting of the following members: 

Lester P. Breckenridge (chairman), professor of mechanical engineering, Yale University, New Haven, Conn.; 

representing fuel engineering. 
Magnus W. Alexander, managing director, National' Industrial Conference Board, Boston, Maas.; representing 

National Industrial Conference Board. 
Edward G. Buckland, vice president New York, New Haven A Hartford Railroad Co., New Haven, Conn.; 

representing New England railroads. ^ 

Charles L. Edgar, president Edison Electric lUiuninating Co. of Boston, Boston, Maas.; representing 

National Electric light Association. 
Abraham T. Hardin, vice president New York Central Railroad Co., New York City; representing New 

York railroads. 
Herbert Hoover, now Secretary of Commerce, Washington, D. C; when appointed, president American 

Institute of Mining and Metallurgical Engineers; representing the mining industry. 
William Kelly, Colonel, United States Army, Washington, D. C. ; representing the War Department. 
Elisha Lee, vice president Pennsylvania Railroad Co., Philadelphia, Pa.; representing railroads south of New 

York. 
Arthur D. Little, president of Arthur £>. Little, Inc., Cambridge, Mass.; representing electro-chemical and 

by-products industries. 
James H. McGraw, president McGraw-Hill Co., Inc., New York City; representing the technical press. 
John H. Pardee, president J. G. White Management Corporation, New York City; representing American 

Electric Railway Association. 

Henry C. Perkins, mining engineer, Washington, D. C; representing the mining industry. 

Matthew S. Sloan, president Brooklyn Edison Co., Brooklyn, N. Y.; representing National Electric Light 

Association. 
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During the year eight meetings of the advisory board were held, and for the counsel and 
adyice offered by its members I now express my most sincere appreciation. 

Prof. L. P. Breckinridge, chairman of the advisory board, who has been constant in attend- 
ance at the meetings of the board and at many of the meetings of the engineering staff, has been 
encouragement personified and with his circumspection and his ability as a leader in the 
solution of the fuel problem has been of invaluable assistance. 

I believe I can say without contradiction that the engineering staff is a unit in the findings 
of this report, and I can find no words to express fitly the tribute I owe these men for their 
loyalty and their able assistance. 

The engineering staff, for all the members of which I speak, are especially grateful to the 

experts mentioned in the following list. To them apparently came the sense of responsibility 

of contributing their experience to the fullest where it was required. They made it apparent 

to me that I could call on them exhaustively, for they realized the national importance of this 

problem. Many, therefore, have been the consultations held with them, and their advice is 

reflected in the pages of this report. 

W. K. Arehbold, Archbold-Brady Co., Syracuse, N. Y. 

A. H. AmiBtrong, General Electric Co., Schenectady, N. Y. 

W. S. Barstow, W. S. Barstow Management Association, New York City. 

H. B. Bradford, Edge Moor Iron Co., New York City. 

Geoige Foran, Worthington Pump A Machinery Corporation, New York City. 

F. C. Hanker, Westinghouse Electric & Manufacturing Co., East Pittsbuigh, Pft. 

F. L. Hunt, Turners Falls Power Co., Greenfield, Maas. 

John B. Leeper, American Bridge Co., Pittsburgh, Pa. 

P. M. Lincoln, Lincoln Electric Co., Cleveland, Ohio. 

William Nesbit, Westinghouse Electric & Manufacturing Co., New York City. 

William Barclay Parsons, consulting engineer, New York City. 

Hugh Pattison, Westinghouse Electric & Manufacturing Co., New York City. 

Ernest W. Pragst, Greneral Electric Co., Schenectady, N. Y. 

David B. Rushmore, General Electric Co., Schenectady, N. Y. 

F. H. Shepard, Westinghouse Electric & Manufacturing Co., New York City. 

John A. Stevens^ consulting engineer, Boston, Mass. 

Percy H. Thomas, consulting engineer, New York City. 

Theodore Vamey, Aluminum Company of America, Pittsbuigh, Pa. 

Hosea Webster, Babcock & Wilcox Co., New York City. 

Sidney Withington, New York, New EEaven & Hartford Railroad Co., New Haven, Conn. 

A host of others, engineers and business men, contributed most valuable and pertinent 
information to this work, and I wish to make here the most grateful recognition of their services. 
The names of these coworkers follow, classified as to the nature of the information furnished : 

Power and transmission, 

Ralph W. Atkinson, assistant chief engineer, Standard Undergroimd Cable Co., Perth Amboy, N. J. 

A. 0. Austin, Ohio Insulator Co., Barberton, Ohio. 

H. A. Barre, Southern California Edison Co., Los Angeles, Calif. 

F. G. Baum, consulting engineer, San Francisco, Calif. 

H. M. Beugler, operating manager, Central Hudson Gas & Electric Co., Poughkeepsie, N. Y. 

E. H. Beugler, vice president, Foundation Co., New York City, 

Francis Blossom, Sanderson & Porter, New York City. 

H. V. Bozell, Electric Railway Joiunal, New York City. 

W. B. Brackenridge, senior vice president, Southern California Edison Co., Los Angeles, Calif. 

H. W. Buck, Viel4, Blackwell & Buck, New York City. 

Charles I. Burkholder, general manager, Southern Power Co., Charlotte, N. C. 

N. A. Carle, chief engineer, Puolic Service Electric Co., Newark, N. J. 

Charles W. E. Clark, chief mechanical engineer, Dwight P. Robinson Co., New York City. 

C. S. Cook, general manager, Duquesne Light Co., Pitteburgh, Pa. 

Hugh L. Cooper, president, Hugh L. Cooper & Co., New York City. 

M. J. Daley, care of Fred T. Ley & Co. (Inc.), Springfield, Maes. 

C. W. DeForefit, chief engineer, Union Gas & Electric Co., Cincinnati, Ohio. 

G. C. Deny, B. F. Sturtevant Co., Boston, Mass. 

H. H. Dewey, power and mining-engineering department. General Electric Co., Schenectady, N. Y. 
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P. M. Downing, Pacific Gas & Electric Co., San Francisco, Calif. 

McKee Duncan, consulting engineer, Duncan, Young & Co., New York City. 

£. D. Edmonston, general superintendent, Consolidated Gas & Electric Light Co., Baltimore, Md. 

W. C. L. Eglin, chief engineer, Philadelphia Electric Co., Philadelphia, Pa. 

Boyd Ehle, consulting engineer, Sanderson & Porter, New York City. 

L. L. Elden, Edison Electric Illuminating Co. of Boston, Boston, Mass. 

John B. Fisken, engineer, Washington Water & Power Co., Spokane, Wash. 

J. B. Foote, chief engineer. Consumers Power Co., Jackson, Mich. 

F. S. Freeman, superintendent of power, Boston Elevated Railway Co., Boston, Mass. 

E. U. Gibbb, cliief engineer, 6. Morgan Smith Co., York, Pa. 

E. M. Gilbert, chief engineer, W. S. Barstow Management Association, Reading, Pa. 

C. E. Groesbeck, vice president, Electric Bond & Share Co., New York City. 

John L. Harper, vice president and chief engineer, Niagara Falls Power Co., Niagara Falls, N. Y. 

R. S. Hopkins, assistant manager, sales department, Standard Underground Cable Co., New York City. 

Dugald C. Jackson, Jackson & Moreland, Boston, Mass. 

J. Alan Johnson, electrical engineer, Niagara Falls Power Co., Niagara Falls, N. Y. 

J. P. Jollyman, Pacific Gas & Electric Co., San Francisco, Calif. 

Peter Junkersfeld, Stone A Webster (Inc.), Boston, Mass. 

Col. Charles Keller, Board of Engineers for Rivers and JIarbors, Washington, D. C. 

John H. Lawrence, engineering manager, Thomas E. Murray (Inc.), New York City. 

H. P. Liversidge, assistant chief engineer, Philadelphia Electric Co., Philadelphia, Pa. 

James Lyman, Sargent & Lundy, Chicago, 111. 

A. M. Lynn, president, West Penn Power Co., Pittsburgh, Pa. 

E. H. McHenry, Ardmore, Pa. 

S. C. Moore, general manager, New England Power Co., Worcester, Mass. 

P. J. MorrisBey, vice president, Pennsylvania Public Service Corporation, Johnstown, Pa. 

William S. Munroe, Sargent & Lundy, Chicago, 111. 

George A. Orrok, considting engineer, Ne«^ York City. 

Farley Osgood, vice president and general manager, Public Service Electric Co., Newark, N. J. 

John Ovem, manager hydraulic division, William Cramp & Sons Ship & Engineering Co., Philadelphia, Pa 

J. W. Parker, assistant to vice president, Detroit Edison Co., Detroit, Mich. 

F. W. Peck, constilting engineer, General Electric Co., Pittsfield, Mass. 
Charles Penrose, assbtant general manager. Day A Zimmerman, Philadelphia, Pa. 
N. L. Pollard, electrical engineer. Public S^^-ice Electric Co., Newark, N. J. 

N. G. Reinicker, superintendent, Pennsylvania Power & Light Co., Allentown, Pk. 

J. W. Rickey, hydraulic engineer, Aluminum Company of America, Pittsburgh, Pk. 

Charles A. Ruffner, president, Adirondack Power Co., Amsterdam, N. Y. 

Frank C. Sargent, vice president, Charles H. Tenney <& Co., Boston, Maas. 

£. F. Scattergood, electrical engineer. Bureau of Power & Light, Los Angeles, Calif. 

H. H. Schoolfield, chief engineer. Pacific Light & Power Co., Portland, Or^. 

R. F. Schuchardt, electrical engineer, Commonwealth Edison Co., Chicago, 111. 

Ptof . Charles F. Scott, Yale University, New Haven, Conn. 

C. A. Sears, manager, Mississippi River Power Co., Keokuk, Iowa. 

Patilding T. Sellers, general superintendent, Buffalo General Electric Co., Buffalo, N. Y. 

Oanoll H. Shaw, New York Edison Co., New York aty. 

Emory J. Shute, assistant superintendent, Penn Central Light & Power Co., Altoona, Pa. 

S. D. Sprong, electrical engineer, Brooklyn Ediaon Co., Brooklyn, N. Y. 

L. B. Stillwell, consulting engineer. New York City. 

V. M. F. Talbnan, power engineer, Charles H. Tenney & Co., Boston, Mass. 

Philip Torchio, chief electrical engineer, New York Edison Co., New York City. 

Maj. M. C. Tyler, Corps of Engineers, United States Army, Washington, D. C. 

J. A. Walls, vice president and chief engineer, Pennsylvania Water & Power Co., Baltimore, Md. 

A. E. Welles, mechanical engineer, J. G. White Engineering Corporation, New York City. 

J. F. Wessel, vice president. United Gas & Electric Engineering Corporation, New York City. 

W. M. White, chief engineer, Allis-Chalmers Manufacturing Co., Milwaukee, Wis. 

Clifton W. Wilder, New York Edison Co., New York City. 

Col. W. P. Wooten, United States Lake Survey, Detroit, Mich. 

Industries. 

Dan Adams, Lockwood, Green & Co., Boston, Mass. 

Joseph Brobston, vice president, Dexter Portland Cement Co., Nazareth, Pa. 

J. F. Daly, chief clerk. Division of Manufactures, Bureau of the Census, Washington, D. C. 

F. F. Dickerman, engineer, Philadelphia, Pa. 
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Crosby Field, engineering manager, National Aniline A Chemical Co., New York City. 

B. P. Foster, electrical engineer, E. I. DuPont de Nemours & Co., Wilmington, Del. 
John J. Gillespie, United Shoe Machinery Co., Boston, Mass. 

Eugene G. Grace, president, Bethlehem Steel Co., Bethlehem, Pa. 

£. F. Hartley, chief statistician for manufactures, Bureau of the Census, Washington, D. C. 

J. A. Hedgcock, Management Engineering & Development Co., Dayton, Ohio. 

H. A. Homor, consulting engineer, Buckingham Valley, Bucks County, Pa. 

W. F. James, Westinghouse Electric <& Manufacturing Co., Philadelphia, Pa. 

W. MacDonald, Swift & Co., Chicago, 111. 

D. M. Meyers, consulting engineer, New York City. • 
Edward L. Moreland, Jackson <& Moreland, Boston, Mass. 

Rollin Norris, United Gras Improvement Co., Philadelphia, Pa. 

George H. Perkins, consulting engineer, Boston, Mass. 

W. J. Serrill, United Gas Improvement Co., Philadelphia, Pa. 

H. S. Taylor, Management Engineering &, Development Co., Dayton, Ohio. 

W. S. Timmins, consulting engineer. New York City. 

J. M. Wadsworth, general superintendent. Empire Refineries (Inc.) Tulsa, Okla. 

H. M. Warren, electrical engineer, Delaware, Lackawanna & Western Railroad Co., Scranton, Pa. 

R. H. White, engineer of construction, American Locomotive Co., Schenectady, N. Y. 

William Wilcox, Whitlock Coil Pipe Co., Boston, Mass. 

R. E. Wright, electrical engineer, Baldwin Locomotive Works, Philadelphia, Pa. 

Coal and by-profhtcts. 

W. H. Blauvelt, Semet^Solvay Co., Syracuse, N. Y. 

F. P. CoflSn, research laboratory, General Electric Co., Schenectady, N. Y. 

A. C. Fieldner, Bureau of Mines, Washington, D. C. 

William P. Frey, fuel engineer, Lehigh Coal & Navigation Co., Lansford, Pa. 

E. W. Hess, civil engineer, Clearfield, Pa. 

A. H. Horton, United States Geological Survey, Washington, D. C. 
Rudolph Kudlich, Bureau of Mines, Washington, D. C. 

C. E. Lesher, editor of Coal Age, New York City. 

H. M. Matthews, coal -traffic manager, Baltimore & Ohio Railroad Co., Baltimore, Md. 

R. J. Montgomery, vice president, Philadelphia & Reading Coal & Iron Co., Philadelphia, Pa. 

E. W. Parker, Anthracite Bureau of Information,^ Philadelphia, Pk. 
Henry M. Payne, consulting engineer. New York City. 

F. B. Pryor, Consolidated Coal Co., Fairmont, W. Va. 

George S. Rice, chief mining engineer, Bureau of Mines, Washington, D. C. 

W. J. Richards, president, Philadelphia & Reading Coal & Iron Co., Philadelphia, Pft. 

J. S. Sillyman, mining engineer, Altoona, Pa. 

G. N. Snider, coal-traffic manager. New York Central Railroad Co., New York City. 
F. T. Snyder, Gas Producer Products (Inc.), New York City. 

W. W. Taylor, acting vice president, International Coal Product Corporation, New York (?ity. 

Samuel A. Taylor, consulting engineer, Pittsburgh, Pa. 

F. G. Tryon, United States Geological Survey, Washington, D. C. 

Heavy traction. 

Prof. W. J. Cunningham, School of Transportation, Harvard University, Cambridge, Mass. 

J. H. Davis, electrical engineer, Baltimore & Ohio Railroad Co., Baltimore, Md. 

F. B. Freeman, chief engineer, Boston & Albany Railroad Co., Boston, Mass. 

A. W. Gibbs, chief mechanical engineer, Pennsylvania System, Philadelphia, Pa. 

George Gibbs, consulting engineer. New York. 

Edwin B. Katte, director electric traction. New York Central Railroad Co., New York City. 

M. W. Manz, development engineer, Ohio Brass Co., Barberton, Ohio. 

C. H. Quinn, electrical engineer, Norfolk & Western Railway Co., Roanoke, Va. 

J. T. Wallis, chief of motive power, Pennsylvania System, Altoon^, Pa. 

Law and finance, 

H. M. Addinsell, Harris Forbes & Co., New York. 

A. E. Barrows, president, Narragansett Lighting Co., Providence, R. I. 

T. R. Beal, president, Central Hudson Gas & Electric Co., Poughkeepsie, N. Y. 

A. W. Burchard, vice president, General Electric Co., New York. 

Frederick Darlington, Westinghouse Electric & Manufacturing Co., New York. 
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F. M. Feiker, AssiBtaiit to the Secretary of Commerce, Waahington, D. 0. 

H. I. Harriman, president, New England Power Co., Boston, Mass. 

John Price Jackson, Ardmore, Pa. 

John W. Lieb, vice president, New York Edison Co., New York. 

Joseph B. McCall, president, Philadelphia Electric Co., Philadelphia, Pa. 

Thomas M. McCarter, president, Public Service Electric Co., Newark, N. J. 

D. E. Manson, vice president, Charles H. Tenney & Co., Boston, Mass. 
S. Z. Mitchell, president. Electric Bond & Share Co., New York. 
Thomas E. Murray, president, Thomas E. Murray (Inc.), New York. 

E. W. Rice, president. General Electric Co., New York. 
James Sheldon, Lee Higginson A Co., New York. 

Guy E. Tripp, chairman board of directors, Westinghouse Electric & Manufacturing Co., New York. 
Herbert Wagner, president, Consolidated Gas, Electric Light & Power Co,, Baltimore, Md. 
O. D. Young, vice president, General Electric Co., New York. 

An appropriation of $250,000 was requested to cover the investigation and report. Con- 
gress appropriated $125,000, with the proviso that additional funds could be subscribed by the 
parties in interest. The electric utilities, industries, and railroads rendered so much valuable 
engineering assistance that the additional amount required to complete the investigation and 
report was only $26,000. This amount was subscribed by the electric public utilities and 
manufacturers within the zone, and its 'welcome receipt is now gratefully acknowledged. The 
sum of $25,000 of the Federal appropriation was expended ''for a survey of power production 
and distribution in the United States'' in accordance with the terms of the appropriating act. 

In concluding this investigation I wish to say that when I was asked by the Secretary of 
the Interior to accept the chairmanship of the superpower survey I did so with the predominating 
thought that a large responsibility would be attached to the authorship of the report to be 
prepared, and that in this great work no one man should assimie that responsibility. Nothing 
can so surely bring success to an enterprise of this kind as its prosecution under the conoprdant 
action of a large number of minds. The estimate of the saving to be eflfected by the superpower 
system in 1930 is based upon the cost of power production in 1919, and we have no doubt that 
it can bo made. We also agree that much of this saving can be made through the natural 
expansion of the electric public utiUties, but if these utilities, which are the only instrumentalities 
througn which maximum economy can be attained, will cooperate 100 per cent to the end that a 
coordinated expansion through interconnecting systems of transmission and distribution circuits 
shall be made, then the shortest route to a maximum national conservation of money, labor, and 
material will have been mapped out. To show that such a project is feasible and would be 
profitable was the task that confronted my organization on July 1, 1920. 



APPENDIX B. 

ELECTRIC UTILITIES IN INDEPENDENT OPERATION IN THE SUPERPOWER 

ZONE IN 1919. 



By L. E. Imlat, T. B. Rutherford, and others of the engineering staflF. 



DEMAND AND OUTPUT. 



Table 1 shows the distribution of load, the demand, and the requirements of energy for 
electric utilities in the superpower zone in 1919 and the frequencies in use. 

Table 1. — DUtribtUion of load, by geographic divisions and load centers ^ for electric tUilities in the superpower zone in 1919. 



Qeographk} division and load 
center. 


Maximum demand (thousands of kilowatts). 


Energy output (millions of Idlowatt-hours). 


25 cycles. 


00 cycles. 


Other fre- 
quencies. 


Total.* 


25 cycles. 


60 cycles. 


Other fre- 
quencies. 


Total. 


Eastern New E ngland : 
Boston 


68.06 

4.56 

25.80 

11.00 


122. 14 
62.18 

128. 95 
86.81 


52.96 
1.82 
6.02 
2.52 


243.16 

68.56 

160.77 

100.33 


240.18 
13.85 
65.87 
30.60 


380.72 
176.05 
370. 27 
314. 24 


151. 77 

7.11 

14.66 

7.09 


772. 67 


Lowell 


197. 01 


Providence 


450.80 


Worcester 


351.93 








109.42 


400. oa 


63.32 


572, 82 


350.50 


1, 241. 28 


180.63 


1, 772. 41 


Western New England: 
Hartford 


6.60 

33.68 

4.60 


50.47 
90.47 
94.04 


3.98 

21.06 

9.23 


61.05 
145. 21 
107. 87 


26. 02 

133.00 

14.14 


133. 66 
248. 30 
293.64 


7.87 
54.77 
10.59 


167.55 


New Haven 


436.07 


Northampton 


318. 37 




44.88 


234. 98 


34.27 


314. 13 


173. 16 


675*60 


73.23 


921.99 


Mohawk: 

Utica 


1.57 
13.10 


25.36 
8.50 


. .14 
87.20 


27.07 
108.80 


5.86 
30.92 


78.02 
28.02 


• 

.37 
294.97 


84.25 


Schenectady 


353.91 








14.67 


33.86 


87.34 


135. 87 


36.78 


106.04 


295.34 


438.16 


Metropolitan: 

Newark 


27.00 
809.00 


154.18 
148. 79 


12.14 
13.89 


193. 32 
971.68 


121. 27 
2, 648. 99 


594.26 
477.34 


15.64 
9.17 


731.17 


New York 


3, 135. 50 




836.00 


302.97 


26.03 


1,165.00 


2, 770. 26 


1, 071. 60 


24.81 


3, 866. 67 


Hudson: 

Poughkeepsie 





20.05 


* 

1.45 


21.50 





59.33 


1.15 


60.48 


- 





20.05 


1.45 


21.50 





59.33 


1.15 


60.48 


Anthracite: 

Allantown 


35.28 

14.77 


35.40 
13.60 
79.48 


1.14 
1.10 
4.31 


71.82 
14.70 
98.56 


180. 70 

43.99 


148.53 

38.90 

309.16 


2.47 

3.30 

16.01 


331. 70 


Pottsville 


42.20 


Wilkes-Barre 


369. 16 








50.05 


128. 48 


6.55 


185. 08 


224. 69 


496.59 


21.78 


743.06 


Southern: 

Trenton 


2.35 

.88 

107.70 

111. 57 

66.50 


10.03 

69.72 

241. 88 

2.54 




3.70 

6.09 

19.25 

17.88 
.60 


16.08 

76.69 

368. 83 

131. 99 

67.10 


7.64 

3.87 

365. 31 

669. 52 

231. 71 


26.60 
234. 91 
848.32 

7.37 




10.30 

20.67 

66.11 

3.53 

2.50 


44.54 


Harrisburg 


259. 45 


Philadelphia 

Baltimore 


1, 279. 74 
680.42 


Washington 


234.21 








289.00 


324. 17 


47. 52 


660. 69 


1,278.05 


1,117.20 


103.11 


2, 498. 36 


Superpower zone. . . 


1,344.02 


1,444.59 


266. 48 


3, 055. 09 


4, 833. 44 


' 4,767.64 


700.05 


10, 301. 13 
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DISTRIBUTION OP POWER. 



Figure 1 shows the electric-utility load at all the load centers in the superpower zone in 1919. 
A study of this load chart in combination with the analysis of load growth (p. 34) brings out the 
striking fact that the power required in 1930, the greater part of which will be applied to indus- 
trial uses, will be 2} times that required to-day. 
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FiouRK 1. — Distribution of electrio-uUlity load among load centers of superpower sane in 1919. 

More than 50 per cent of the power generated at the present New York load center is used 
by the electric railways, whose slower rate of growth of load as compared with that in power 
for domestic and industrial uses will have the effect of decentralizing the total load on the super- 
power system by 1930. This effect is shown in Appendix E. The superpower system will 
become a means to this end. 
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PAST AND ESTIMATED FUTURE GROWTH OF LOAD. 

Plate rV shows the growth of the electric-utility industry by geographic divisions and for the 
entire superpower zone during the 10 years ending with 1919 and the estimated growth by 1925 
and 1930. The record of the past growth includes the energy used for lighting, industrial power, 
electric street railways, and the electrified heavy-traction railroads. The estimate of the 
future growth does not include demands that may arise from the electrified heavy-traction 
systems. 

The futiu*e rate of load growth is estimated at 8.6 per cent, compounded annuajUy. This 
estimate is based upon the projection of past load growls taken in combination with opinions 
expressed by the operators of the electric-utility properties. The average annual growth dur- 
ing the last 10 years was 9 per cent. 

LOADS CARRIED. 

I 
I 

Figures 2-8, which are plotted from data furnished by the electric public-utility companies 
in the superpower zone, show the typical week-day, Saturday, and Sunday loads and also the 
demand for the day of peak load in 1919. 

Plate V shows the relation of energy generated in kilowatt-hours to the demand in kilowatts 
for the several geographic divisions of the superpower zone in 1919. They show that only about 
14 per cent of the energy generated in the zone is produced by the last 50 per cent of the demand. 
This indicates that the peak load should be carried by the less efficient steam-electric plants 
and by overdeveloped hydroelectric plants, because when the dam and headworks of a hydro- 
electric plant are once installed the cost of the generating apparatus for the plant is only half 
that of the total cost of a steam-electric plant. 
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CAPACITY AND NUMBER OP POWER PLANTS. 

Table 2 shows the capacity of power plants in the superpower zone, classified into steam- 
electric and hydroelectric and as to frequency. 

Table 2. — Capacity of Mtean^-^lettric and hydroelectrie power planU of eUetric utxliiiei in the euperpotoer zone in 1919. 



Gwgmpliie dlTlfllan and loftd 


Btctm-elflotric capacity (thousands of kilowatts). 


Hydroelectric capacity (thousands of 
kilowatt). 


Total 


omtcr. 


25 cycles. 


60 cycles. 


Other fre- 
quttudes. 


Total. 


25cyeles. 


flOc3rcles. 


Other fte- 
quendes. 


Total. 


sands of 

kilo- 

watU). 


EttBtem New England: 

BoBton 


131.80 

5.50 

42.35 

10.00 


184.78 
72.00 

196.84 
76.83 


76.63 
3.17 

13.55 
2.25 


393. 21 
80.67 

252.74 
89.08 






8.60 


5.70 
17.88 

1.75 
61.58 




0.08. 

0.41 


6.70 
17.96 

1.75 
70.59 


398.91 


Lowell 


98.63 


Providence 


254.40 


WorcQBter 


159.67 








189.65 


530.45 


95.60 


815. 70 


8.60 


86.91 

m 


0.49 


96.00 


911.70 


Western New England: 

HflJtford 


6.70 
51.95 
13.00 


43.48 

131. 17 

88.39 


4.65 

22.99 

7.12 


54.83 
206.11 
108. 51 




.60 



13.85 
29.93 
65.69 




.57 
1.39 


13.35 
31.10 
67.08 


68.18 


New Haven 


237.21 


NorthaniDton . -, 


175.50 








71.65 


263.04 


34.76 


369.45 


.60 


108.97 


1.96 


111.53 


480.98 


Mohawk: 

Utica 


1.75 
7.00 


16.54 
1.88 



31.10 


18.29 
39.98 


2.54 
7.29 


22.20 
10.02 


.12 
73.98 


24.86 
91.29 


43.15 


Schenectad V 


131.27 








8.75 


18.42 


31.10 


58.27 


9.83 


32.22 


74.10 


116. 15 


174.42 


Metropolitan: 

Newark • 


38.35 
1, 110. 60 


204.71 
242.73 


16.90 
16.53 


259.96 
1, 369. 86 






8.13 
.55 


.03 



8.16 
.55 


268.12 


New York 


1, 370. 41 








1, 148. 95 


447.44 


33.43 


1, 629. 82 





8.68 


.03 


8.71 


1,638.53 


Hudson: 

Poiiflfhkeep™ 





25.82 


1.01 


26.83 





8.69 





8.69 


35.52 











25.82 


1.01 


26.83 





8.69 





8.69 


35.52 


Anthracite: 

Pottsville 




37.20 
19.45 


14.19 
42.25 
91.25 


2.31 
1.55 
9.61 


16.50 

81.00 

120.31 







.14 
2.51 
2.43 







.14 
2.51 
2.43 


16.64 


Allentown 


83.51 


Wilkee-Baire 


122.74 








56.65 

■ 


147. 69 


13.47 


217. 81 





5.08 





5.08 


222.89 


Southern: 

Trenton 

Harruburs 


2.10 


151.80 
191.00 
98.00 


15.14 

68.50 

295.74 

4.93 




5.83 
7.17 
34.00 
6.60 
1.57 


23.07 

75.67 

481.54 

202.53 

99.57 


.75 
.88 

2.70 
84.10 






15.82 
.65 
.41 







.03 




.75 
16.70 

3.38 
84.51 




23.82 
92.37 


Philad^^lpnia . . 


484.92 


TlitltiTnnirA 


287.04 


WflAhinotnn 


99.57 








44^.90 


384.31 


55.17 


882.38 


88.43 


16.88 


.03 


105.34 


987.72 


Superpower zone 


1, 918. 55 


1, 817. 17 


264.54 


4, 000. 26 


107. 46 


267.43 


76.61 


451.50 


4, 451. 76 
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Figure 9 shows the number of power plants of different generator capacities among 280 of 
the larger electric-utility plants in the superpower zone in 1919. The average size of plant 
for all the utilities was 7,900 kilowatts, and there were 104 plants of this or greater capacity. 
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ft^— Nmnber of gaatntixig plants of dUfemit capacities owned by 280 of the electrlo-ntOity 

oampanies In the roperpow e r «me In 1919. 

Figure 10 shows the number of generating units of different sizes among 1,074 units of 
500 kilowatts or more in the superpower zone in 1919. The average size of unit for all the 
utilities was 2,700 kilovolt-amperes, and the number of units of this size or greater capacity 
was 420. The capacity of the units to be installed in future superpower plants will be more 
than three times that of the plant of average size now in the zone. 
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Fioums 10.— Number of generating units of different sices over 500 kilowatts owned by the electric- 
utility companies in the sux>erpower sone in 1019. 



PERFORMANCE. 



Table 3 shows the performance of 400 steam-electric and 158 hydroelectric power plants 
in the superpower zone in 1919. The effective capacity of steam-electric plants, though not of 
hydroelectric plants, is usually less than their generator capacity, being generally limited by 
boiler capacity. 
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Table 3. — Character and performance of electric-utility plants in the superpower zone in 1919, 





Existine generating 
plants. 


Qenerator ( 


opacity (thoasands of 
kilowatts). 


Effective capacity (thousands of 
kUowatts). 


Geographic division and load center. 


Steam- 
eleo- 
tric. 


Hydro- 
eleo- 
tric. 


ToUl. 


Steam- 
electric 
plants. 


Hydro- 
electric 
plants. 


Total. 


Steam- 
electric ' 
plants.' 


Hydro- 
electric 
plants. 


TotaL 


Eastern New England: 

Boston 


34 

25 

19 

8 


1 
15 

1 
10 


35 
40 
20 

18 


393. 21 
80.67 

252. 74 
89.08 


5.70 
17.96 

1.75 
70.59 


398. 91 

98.63 

254.49 

159. 67 


321. 95 
75.23 

190.63 
64.38 


5.70 
17.96 

1.75 
70.59 


327.65 


Lowell ,• 


93.19 


Providence 


192.38 


Worcester 


134.97 






1 


86 


27 


113 


815. 70 


96.00 


911. 70 


652. 19 


96.00 


74a 19 


Western New England: 

Hartford 


12 

24 
16 


6 

10 
22 


18 
34 
38 


54.83 
206.11 
108. 51 


13.35 
31.10 
67.08 


68.18 
237. 21 
175. 59 


53.56 
174. 63 
91. 06, 


13.35 
31. 10 
67.08 


66.91 


New Haven , 

Northampton. . . ^ 


205.78 
158.13 




52 


38 


90 


369. 45 


111.53 


480.98 


319. 24 


111. 53 


430.77 


Mohawk: 

Utica 


16 
14 


18 
27 


34 
41 


18.29 
39. 98 


24. 86 
91.29 


43.15 
131. 27 


17.79 
38.10 


24.86 
91.29 


42.65 


Schenectady 


129.39 








30 


45 


75 


58.27 


116. 15 


174. 42 


55.89 


116. 15 


172.04 


Metropolitan: 

Newark 


25 
53 


8 
2 


33 

55 


■ • ■ 

259. 96 
1, 369. 86 


8.16 
.55^^ 


268. 12 
1, 370. 41 


223. 71 
1, 110. 05 


8.16 
.55 


231.87 


New York 


1, 119. 60 








78 


10 


88 


1, 629. 82 


8.71 


1, 638. 53 


1, 342. 76 


8.71 


1, 351. 47 


Hudson: 

Ponghkeepsie 


13 


13 


26 


26.83 


8.69 


35.52 


23.11 


8.69 


31.80 








13 


13 


26 


26. 83 


8.69 


35.52 


23.11 


8.^69 


331.80 


Anthracite: 

Pottsville 


11 

6 

23 



6 
4 


11 
12 
27 


16.50 

81.00 

120.31 


.14 
2.51 
2.43 


• 

16.64 

83.51 

122. 74 


13.20 

75.50 

107.40 


.14 
2.51 
2.43 


13.34 


AUentown 


78.01 


Wilkes-Barre 


109.83 








40 


10 


50 


217. 81 


5.08 


222. 89 


196. 10 


5.08 


201.18 


Southern: 

Trenton 


16 
17 
51 
14 
3 


1 
6 
4 
4 



17 
23 
55 
18 
3 


23.07 

75.67 

481. 54 

202.53 

99.57 


.75 

16.70 

3.38 

84.51 




23.82 

92.37 

484. 92 

287. 04 

99.57 


18.05 

65.20 

422. 86 

185. 30 

99. 57 


.75 

16.70 

3.38 

84.51 

.00 


18.80 


Harrisburg 


81.90 


Philadelphia 


426. 24 


Baltimore 


269. 81 


Washington 


99.57 








101 


15 


116 


882.38 


105. 34 


987. 72 


790. 98 


105. 34 


896. 32 


Superpower zone 


400 


158 


558 


4, 000. 26 


451. 70 


4, 451. 76 


3, 380. 27 


451. 50 


3, 831. 77 
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Tablb 3. — ChamcUr and performance of electrie-utility plants in the superpower zone in 1919 — Contioued. 



• 


Generator reserve in 
steam-electric 
plants. 


Effective reserve 
in steam-elec- 
tric plants. 


Generated output (millions of kilowatt- 
hours). -* 


Annual effective capa- 
city factor (per cent). 


Geographio dlviaion and 
load center. 


Total 

of kilo- 
watts). 


Per 

cent. 


Total 
(thou- 
sands of 

kilo- 
watts). 


Per 

cent. 


Steam- 
electric 
plants. 


Hydro- 
electric 
plants. 


Total. 


Steam- 
electric 
plants. 


Hydro- 
elec- 
tric 

plants. 


Total. 


Eastern New England: 
Boston 


136.41 
30.06 
91.90 
30.35 


53.1 
59.2 
57.2 
51.7 


65.15 

24.62 

29.79 

5.65 


25.4 

48.7 

18.5 

9.6 


759. 16 
143. 81 
445.79 
131. 11 


13.62 

53.20 

5.00 

220. 82 


772. 68 
197. 01 
450.79 
351.93 


26.9 
21.8 
26.7 
23.3 


27.1 
33.8 
32.6 
35.7 


26.9 


Lowell 


24.1 


Providence 


26.7 


Worcester 


29.8 








288.72 


54.8 


125.21 


23.8 


1, 479. 87 


292.54 


1, 772. 41 


25.9 


34.8 


27.1 


Western New England: 
Hartford 


6.74 
70.80 
40.78 


14.0 
52.3 
60.2 


5.48 
39.32 
23.32 


11.4 
29.0 
34.4 


115.22 
379.58 
125. 74 


52.33 

56. 49 

194. 63 


167.55 
436. 07 
318. 37 


24.5 
24.8 
15.5 


44.7 
20.7 
33.1 


28.6 


New Haven 


24.2 


Northampton 


23.0 








118.32 


47.2 


68.12 


27.2 


618.54 


303.45 


921. 99 


22.1 


31.1 


24.5 


Mohawk: 

Utica 


2.18 
18.83 


13.5 
89.1 


1.68 
16.95 


10.4 
80.2 


17.42 
30.33 


66.83 
323.58 


84.25 
353. 91 


.11.2 
9.1 


30.6 
40.5 


22.6 


Schenectadv 


31.1 








21.01 


56.5 


18.63 


50.0 


47.75 


390.41 


438. 16 


9.7 


38.3 


29.1 


Metropolitan: 

Newark 


152. 02 
353. 06 


73.3 
34.8 


15.77 
102. 25 


7.5 
10.0 


707. 82 
3, 134. 15 


23.35 
1.35 


731. 17 
3, 135. 50 


36.2 
32.1 


32.6 
28.0 


36.0 


New York 


32.1 








405.08 


33.1 


118. 02 


9.6 


3, 841. 97 


24.70 


3, 866. 67 


32.6 


32.3 


32.6 


Hudson: 

Poughkeepsie 


10.28 


62.0 


6.56 


39.7 


37.68 


22.80 


60.48 


18.6 


30.0 


21.6 








10.28 


62.0 


6.56 


39.7 


37.68 


22.80 


60.48 


18.6 


30.0 


21.6 


Anthracite: 

Pottsville 


1.80 

1.63 

18.40 


12.2 

2.0 

18.0 


0. 
0. 
5.49 



0. 
5.4 


42.17 
317. 98 
365. 69 


.03 

13.72 

3.47 


42.20 
331. 70 
369. 16 


36.4 
48.0 
38.8 


24.4 
62.4 
16.3 


36.1 


AUentown 


48.5 


Wilkes-Barre 


38.4 








21.83 


11.1 


5.49 


2.8 


725.84 


17.22 


743. 06 


42.2 


38.6 


42.2 


Southern: 

Trenton 


7.74 

16.33 

81.48 

106.50 

33.19 


50.5 
27.6 
20.4 
111.0 
50.0 


2.62 

5.86 

22.8 

89.27 

33.19 


17.1 

9.9 

5.7 

93.0 

50.0 


41.87 

175. 65 

1, 259. 10 

175. 46 

234. 21 


2.67 

83.80 

20.64 

504.96 

.00 


44.54 

259. 45 

1, 279. 74 

680.42 

234.21 


26.4 
30.7 
34.0 
10.8 
26.9 


40.6 
57.3 
69.7 
68.2 
.0 


27.1 


HftTTlflbllTg. 


36.1 


Philadelpnia 


34.2 


Baltimore 


28.8 


Washington 


26.9 








245. 24 


38.5 


153. 84 


24.2 


1, 886. 29 


612. 07 


2, 498. 36 


27.2 


66.2 


31.7 


Superpower zone 


1, 110. 49 


38.4 


490.50 


17.0 


8, 637. 94 


1, 663. 19 


10, 301. 13 


29.1 


42.2 


30.7 
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A study of 196 steam-dectric plants that use bituminous coal was made to ascertain their 
performance. These plants were selected from the 400 plants in the superpower zone because 
full and consistent data were available from each plant. Table 4 is a summary of the results 
of this study. The fuel consumption varies from 6.23 pounds per kilowatt-hour for the small 
plants to 2.14 pounds per kilowatt-hour for plants having a capacity of more than 100,000 
kilowatts. Perhaps even more striking is the variation in the cost of maintenance, labor, 
and supplies, for this cost amounts to $23.10 per kilowatt-year of effective capacity for small 
plants but only to $5.46 for plants of more than 100,000 kilowatts. 

The complete result of this study is given in figures 11 and 12, showing the performance 
and the operating cost, except the cost of fuel, which varies with size of plant, size of unit, 
and annual capacity factor. 

Table 4. — Perfcmumee and operating cost of 196 selecUd dectric pktnU tuing kjiiuminous eoal in the superpower zone in 

1919 f by sue of plant. 



Number of plants 

Total generator capacity, 

kilowattB. . 

Total effective capacity, 

Kilowatts . . 

Total generator reserve over 
peak percent.. 

Total effective reserve over peak, 
per cent. . 

Average sise of plant effective 
capacity kilowatt».. 

Avenge size of unit do 

Load nctx)T percent.. 

Effective capacity factor, 
per cent. . 

Fuel per kilowatt-year of effec- 
tive caiMudty short tons. . 

Coal per kilowatt-hour, .pounds. . 

Cost of maintenance, labor, and 
supplies per kilowatt-year of 
effective capacity 



Under 


1,000 to 


2,<00to 


5,000 to 


10.000 to 


2&000to 
10,000 


M,000to 


Over 


1,000 


2,500 


6,000 


io,ooo 


&,000 


100,000 


100,000 


kUowBtts. 


kilowatts. 




kUowatts. 


kilowatts. 


kUowatts. 




kUowatts. 


33 


36 


32 


29 


31 


14 


13 


8 


23,485 


62,061 


121, 576 


230,500 


507,675 


476,100 


905,400 


1, 318, 600 


21,530 


54,308 


106,200 


^02, 875 


449,597 


393,600 


721,000 


1,048,450 


30.8 


32.0 


36.1 


42.0 


34.2 


5a8 


37.7 


60.5 


19.8 


13.2 


19.0 


25.0 


1&8 


27.1 


9.7 


27.5 


650 


1,510 


3,320 


7,000 


14,500 


28,000 


55,500 


131,000 


273 


540 


905 


1,580 


3,000 


6,420 


12,600 


15,800 


21.3 


24.5 


27.3 


24.7 


28.5 


32.4 


38.8 


37.3 


17.7 

* 


2L4 


23.0 


19.7 


24.2 


25.4 


35.5 


29.4 


4.85 


a96 


a64 


aso 


a 21 


2.80 


a42 


2.76 


6.23 


4.22 


a60 


a80 


ao5 


2.50 


2.20 

• 


2.14 


123.10 


$18.10 


114.56 


$12.21 


$10. 15 


$6.82 


$7.80 


$5.46 



An plants. 

196 

3, 645, 396 

3,000,560 

46.5 

2a6 

15,300 

4,140 

34.2 

2a4 
a 10 

2.48 
$9.23 



FUEL REQUIREMENTS. 

Table 5 (p. 48) shows the quantities and cost of the coal used by electric utilities in the 
superpower zone in 1919 and the results in heat units. The total cost of this coal, delivered, 
was $63,227,812. The cost per short ton ranged from $2.79 at the Wilkes-Barre load center to 
$8.75 at the Lowell load center. The average cost for the zone was $5.35. The quantity of coal 
consumed ranged from 2.27 pounds per kilowatt-hour at the Providence load center to 6.23 
pounds at the Utica load center. The Utica load center is, however, suppUed largely by hydro- 
electric power; its steam-electric plants are small and are used principally as a reserve. The 
average quantity of coal consumed per kilowatt-hour in the superpower zone was 2.73 poirnds, 
and the average heat utilization per kilowatt-hour was 35,800 British thermal units. 
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FiaiTBi 11.— Fuel performance in 1910 per plant and per unit of 106 eleotrio-utUity plants in the superpower sone that used bituminous coal. 
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A SUPEBPOWEE SYSTEM FOB THE BEGION BETWEEN BOSTON AND WASHINGTON. 
Tablb 6. — Fuel requirements and perf&rmanee ofeleetric utUities in the superpower zone in 1919, 



• 






Coal used. 


V 


Heat 
value 


1 

Oeograpblc division and load center. 


TbooMuids 

of short 

tons^ 


Short tons 

kilowatt- 

year of 

effective 

capacity. 


Pounds 

per 
kUowatt- 
hour. 


Cost. 


(thou- 
sands of 
British 


• 


Per short 
ton. 


Per year. 


thermal 
units per 
Ulowatt- . 
hour). 


Eastern New Engla^d: 

Boston 


* 

911.20 
179. 11 
606.06 
182. 09 


2.83 
2.38 
2.66 
2.83 


2.40 
2.49 
2.27 
2.78 


$6.60 
8.75 
7.70 
6.77 


$5, 927, 607. 29 
1, 568, 282. 26 
3, 891, 543. 19 
1, 233, 291. 44 


33.7 


Lowell 


33.3 


Providence 


31.5 


Worcester 


37.2 






• 


1, 778. 46 


2.73 


2.40 


7.10 


12, 620, 624. 18 


33.4 


Western New England: 

Hartford 


158.33 
562. 18 

184.77 


2.96 
3.22 
2.03 


2.75 
2.96 
2.99 


6.63 
6.47 
6.73 


1, 049, 624. 24 
3, 633, 012. 15 
1, 241, 529. 15 


37.6 


New Haven , . , , •. 


39.7 


Northanipton 


40.7 








905.28 


2.84 


2.93 


6.54 


5, 924, 165. 54 


39.6 


Mohawk: 

Utica 


54.23 
86.13 


3.05 
2.23 


6.23 
5.62 


5.43 
4.98 


294, 400. 33 
423, 693. 27 


80.0 


Schene'ctady 


70.0 








139. 36 


2.50 


5.85 


5.15 


718, 093. 60 


73.7 


Metropolitan: 

Newark 


939.45 
3, 800. 01 


4.20 
3.40 


2.68 
2.42 


5.67 
5.61 


5, 322, 720. 14 
21, 322, 522. 19 


35.4 


New York 


32.2 






• 


4, 739. 46 


3.53 


2.46 


6. .64 


26, 645, 242. 33 


32.8 


Hudson: 

Pouehkeeneie 


65.37 


2.83 


3.47 


5.72 


373, 078. 08 


46.3 






• 


65.37 


2.83 


3.47 


5.72 


373, 078. 08 


46.3 


Anthracite: 

Pottsville 


99.73 
680.69 
908.64 


7.55 
7.70 
8.45 


4.73 
3.66 
4.96 


3.32 
3.42 
2.79 


331, 463. 33 
1, 983, 579. 13 
2, 537, 057. 10 


55.4 


Allentown, ,-» 


4L2 


Wilkes-Bane 


55.6 






• 

• 


1, 689. 06 


8.10 


4.38 


3.06 


4, 862, 099. 56 


49,2 


Southern: 

Tienton 


100.20 
33L79 
1, 648. 50 
240.54 
268.05 


5.55 
5.08 
3.90 
1.30 
2.69 


4.78 
3.78 
2.62 
2.74 
2.39 


5.23 
3.28 
4.77 
5.10 
5.21 


623, 175. 39 
1, 088, 894. 93 
7, 855, 907. 51 
1, 227, Oil. 85 
1, 399, 519. 57 


63.6 


EEarriflbunr 


41.7 


PhiladelDnia 


35.0 


Raltiniore 


37.0 


Washineton . . . 


32.0 






■ 


2, 689. 08 


3.28 


2.74 


4.67 


12, 094, 509. 26 


36.1 


SuDeroower zone 


11, 806. 07 


3.49 


2.73 


5.35 


63, 227, 812. 54 


35.8 







PRODUCTION COST. 

Table 6 shows the production cost of the electric utilities in the superpower zone in 1919. 
The operating expense of the steam-electric plants was $91,195,000, of which 69 per cent was 
for coal and 31 per cent for maintenance, labor, and supplies. The total annual production cost 
of the steam plants was $183,441,333, of which the fixed charges were 44.5 per cent, the oper- 
ating expense 49.7 per cent, and the general expense 5.8 per cent. The total annual production 
cost of the hydroelectric plants was $15,661,382, of which the fixed charges were 81 per cent, 
the operating expense 11.1 per cent, and the general expense 7.9 per cent. The average produc- 
tion cost by steam was $0.0212 per kilowatt-hour, and the average production cost by water was 
$0.0094 per kilowatt-hour. 
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Table 6. — Annual production coit ofdectric tMUiu in ihs mperjpower zone, 1919. 



G<08nq;ihte divtoton. 



Eaatem New England . 
Western New England. 

Mohawk , 

Metropolitan 

Hudson : , 

Anthracite 

Southern , 

Superpower zone 



Total annual operating azpenM. 



8team-«lectric plants. 



Fad. 



$\2, 020, 624 

5, 924, 166 

718,094 

26, 645, 242 

373, 078 

4, 862, 100 

12, 094, 509 



Maintenance^ 

labor, and 

supplies. 



$5, 479, 617 

2, 827, 322 

613, 092 

10, 913, 651 

208, 774 

2, 503, 538 

5, 421, 743 



63, 227, 313 



27, 967, 737 



Total. 



$18, 100, 241 

8, 751, 488 

1, 331, 186 

37, 558, 893 

581,852 

7, 355, 638 

17, 516, 252 



91, 195, 550 



H]rdroelectric 
plants. 



$388,192 

438,337 

376, 327 

67,330 

69,904 

63,687 

340,449 



1, 744, 226 



Flzed cbarses. 



Steam-electiio 
plants. 



$18, 532, 300 

8, 263, 600 

1, 592, 600 

29, 143, 100 

706,000 

5, 167, 200 

18, 269, 570 



81, 674, 370 



Hydroeleotrlc 
plants. 



$2, 394, 350 

2, 476, 820 

3, 541, 200 

369,800 

245,630 

183, 510 

3, 474, 700 



12, 686, 010 



Qeographic dlTision. 



Eastern New England 

Western New England . . . 

Mohawk 

Metropolitan 

Hudson 

Anthracite 

Southern 

Superpower vone . . 



General expenses. 



Steam-electric 
plants. 



$2,456,444 

1, 347, 010 

274, 370 

3; 096, 990 

124, 280 

953,190 

2, 319, 150 



10, 571, 434 



Hydroeleetric 
plants. 



$222,256 

377, 910 

339, 780 

40,800 

19,740 

30,560 

200,106 



Total annual prodoctlon oost. 



Steam-electric 
plants. 



$39, 088, 985 
18, 362, 098 

3, 198, 156 
69, 798, 983 

1, 412, 132 
13, 476, 028 
38, 104, 972 



1, 231, 146 



183, 441, 354 



Hydroelectric 
plants. 



$3, 004, 798 

3, 293, 067 

4, 257, 307 

477, 930 

335, 274 

277, 757 

4, 015, 249 



15, 661, 382 



Cost per Idlowatt- 
hoor. 



Steam- 
electric 
plants. 



$0.0264 
.0297 
.0670 
.0182 
.0375 
.0186 
.0202 



.02124 



HydrcK 
electric 
plants. 



Cost per kilowatt- 
year of effective 
capacity. 



$0.0102 
.0109 
.0109 
.0i94 
.0147 
.0161 
.0066 



.0094 



Steam- 
electric 
plants. 



$60.00 
57.50 
57.25 
52.00 
61.20 
68.80 
48.20 



54.30 



Hydro- 
electric 
plants. 



$31.30 
29.50 
36.70 
54.90 
38.60 
54.70 
38.10 



34.70 



REPRODUCTION COST, 

Table 7 shows the cost of reproducing the electric-utility plants in the superpower zone as 
equipped in 1919. The total cost is $598,277,000, of which approximately 85.6 per cent is that 
of reproducing the steam-electric plants. The method used in arriving at these costs is stated 
in Appendixes F and G. 

Table 7. — Reproduction co8tfor eUctric puhluyutUxty potoer plants as of 1919. 



QeQgnpbic dlTiaion. 



Eastern New England.. 
Western New England . 

Mohawk 

Metropolitan 

Hudson 

Anthracite 

Southern 

Superpower zone 



Stcun-electiic 
plants. 



$115, 949, 000 

52, 165, 000 

9, 957, 000 

181, 899, 000 

4, 407, 000 

32, 296, 000 

114, 477, 000 



Hydrodectiic 
plants. 



$16, 501, 000 

16, 713, 000 

24, 442, 000 

2,550,000 

1, 693, 000 

1, 265, 000 

23, 963, 000 



511, 150, 000 I 87, 127, 000 



Total plants in 
supsrpower sane. 



$132, 450, 000 

68, 878, 000 

34, 399, 000 

184, 449, 000 

6, 100, 000 

33, 561, 000 

138, 440, 000 



598, 277, 000 



PflTcontagB. 



Steam- 
elactrio 
plants. 



87.5 
75.8 
28.9 
98.6 
72.2 
96.2 
82.7 



85.5 



Hydro- 
electric 
plants. 



12.5 
24.2 
71.1 

1.4 
27.8 

3.8 
17.3 



14.5 



APPENDIX C. 

PROPOSED ELECTRIFICATION OF HE\VY-TRACTION RAILROADS IN THE SUPER« 

POWER ZONE. 



By Caky T. Hutchinson, N. C. McPherson, and others of engineering staff. 



ADVANTAGES OF UNIFIED OPERATION, 

Many of the raiht)ad lines in the superpower zone have been built piecemeal to serve the 
interests of different communities as need arose, and consequently there has been considerable 
duplication of trackage and an unbalanced development. Consolidation subsequently improved 
the conditions, and the trackage now under steam operation in the zone is in general fully loaded. 

Better results would be obtained, even under steam operation, by treating these systems 
as a unit. A substantial increase in traffic could be handled by better routing; by setting aside 
certain tracks for exclusive service where lines are parallel, as between Washington and Phila- 
delphia or New York and Scranton; by eliminating competitive branch lines ; and by abandoning 
branch lines that are unprofitable though not competitive. These improvements and many 
others have been discussed within the last few years, but no action has been taken. 

Even after all possible improvements of this kind had been made, however, the railroad 
system would still be an inferior machine, with compromises, in all its parts. The character 
and the cost of the service would not be essentially altered. 

Unified operation by electricity, on the other hand, would give much better conditions 
than any that could possibly be attained under unified operation by steam. There would be 
a new motive power, in which all units or parts designed for similar service would be identical 
and interchangeable. There would be pooling of all power, with great reduction of reserves. 
Kepair shops would be consolidated, and maintenance would become a standardized manufac- 
turing job. Track capacity would be greatly increased, and certain tracks would be allocated 
to freight or passenger service exclusively. AU freight trains would be run on schedule; the 
average speed would be more nearly the same and would be increased at least to the 12.5 miles 
an hour needed to avoid the present puilitive overtime payments. Engine-house facilities 
would be much simplified by consolidation. 

A specific illustration will show how wide the field is for possible savings under unified 
control. In 1919 one of the large railroads in the superpower zone spent about $20,000,000 for 
locomotive maintenance, and another spent about $40,000,000, the costs per locomotive-mile 
amounting, respectively, to 21 cents and 38 cents. Prorated to a weight of 100 tons on drivers, 
these costs become 24 cents and 46 cents, a difference of 90 per cent. The difference in average 
service is not sufficient to account for this difference in cost, which could not persist under 
unified control. 

These improvements in operation can be made more readily under electric service than 
imder steam, for a change in the power system would bring fresh minds into the service and 
would consequently liberate the mental operations of the average railroad man from their con- 
ventional routine. Under electric operation, for instance, the entire traffic between Philadelphia 
and Washington could readily be carried over the rails of the Pennsylvania system, those of the 
Baltimore & Ohio being left for future growth. Similarly, electric operation in the vicinity of 
Boston and New York would leave a mai^n of track capacity so great that no money need be 
spent for many years for further extensions of track. This release of trackage is one of the very 
notable advantages that would follow unified electric operation of the railroads in this temtory. 
The great expense of any large increase in trackage should of itself force electrification ; the total 
cost 20 years hence will be less if electrification is bcgim now than the c^st of the added track 
50 
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and terminal facilities necessary under steam operation to provide for the inevitable 100 per 
cent increase in traffic within that time. 

The reserves of men and of machinery required for joint operation will be much less . 
than the a^regate of the separate reserves required for individual operation. The great waste 
involved in the maintenance of separate reserves of motive power is exhibited by the operating 
statistics of the roads, quoted elsewhere, which show that the average freight locomotive in this 
territory is in productive service only 3,250 hours out of the 8,760 hours in a year, and the 
average passenger locomotive only 2,630 hours. With joint electric operation and consequent 
unification of types of motive power there would be a striking improvement. The steam loco- 
motive runs 8 hours a day; the electric locomotive 20 hours. 

The fundamental reason for coordinated control of railroad operations is precisely the 
same as that for regional control of the generation of electric energy. The greatest economy 
can be attained only by intelligent unified direction of the movements of all parts of the system 
for the best ir.terests of the whole. 

SPECIFIC ADVANTAGES OF ELECTRIFICATION. • 

In addition to the general economic advantages that would be gained by joint operation 
of the rail syi^tems within the superpower zone .by either steam or electricity^ there are other 
advantages inherent in operation by electricity. These may be classified as advantages of 
electric traction in operation and advantages of the electric locomotive as a machine. 

ADVANTAGBS IN OPBRATION. 

Some of the advantages of electric operation are the conservation of national resources, 
both of coal and labor; an increase in the capacity of main and yard tracks; loi improvement 
of the physical condition of terminals and an increase in the value of the property, as shown by 
the- New York Central and Pennsylvania terminals in New York City; benefits both to the travel- 
ing public and to residents along the route through the elimination of noise and smoke, the 
possibility of providing multiple-level terminals and freight warehouses; and economy in opera- 
tion through the use of fuel and machinery for generating enei^ by a few skillful operators in 
economical stations as contrasted with a lai^e number of technically ignorant operators with 
small, uneconomical machines.. 

The electric locomotive is equipped with meters that afford complete knowledge and con- 
trol of operating conditions and that are also a valuable guide in handling the train, particularly 
in starting a long, heavy train. With electric traction the economy of the entire sequence of 
operation is not dependent upon one man, as it is with steauL. Operation is therefore no longer 
a matter of individual human judgment, skill, or fidelity. It is this unfortunate hiunan element 
that nullifies the theoretical advantages of the ''full-jeweled movement" steam locomotive. 
The effectiveness of the devices for increasing eflELciency and capacity, such as brick arches, 
superheaters, stokers, siphons, automatic fire doors, and power reverses, necessarily depends 
on the intelligence and faithfulness of the average engineer, and in consequence the average 
results are low. The inherent wastefulness of the steam locomotive is proved by its own advo- 
cates in their claim that '' 40 per cent of its coal can be saved by the careful use of these auxiliary 
devices." Then why be skeptical of a saving of 60 per. cent by a modem power station, which 
has all these devices in greater completeness and, in addition, has brains to use them ? 

The speed of different classes of trains will be more nearly imiform. Much heavier trains 
can be handled, and at the same time light freight trains can be moved at the speed of local 
passenger trains. It has been proved that for the heaviest freight service, such as mountain- 
grade work, the electric locomotive is superior to the steam locomotive, but its superiority in 
handling light freight at high speed is not so generally understood. 

As the electric locomotive is simple and as all locomotives of a given class are identical and 
no more skill is required to operate them than is demanded of an ordinary chauffeur, all loco- 
motives wUl be pooled, so that the total number required will be materially reduced. 
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' A considerable saving in time and hence an increase in capacity will be made by lengthen- 
ing the operating divisions, which will be from 200 to 400 miles long instead of 100 miles. An 
• electric passenger locomotive will run in the morning from New York to Boston and will return 
in the afternoon or at night, making a total run of 450 miles a day. A similar round trip will be 
made between New York and Washington; or New York and Syracuse: The electric locomotive 
can be kept at work on the road for 20 hours a day, and if operated at an average speed of 25 
miles an hour can nm 560 miles a day. This mileage, however, is double that of the electric 
passenger engines now tised oh the New Haven line and is higher than would be obtained as an 
average, but there is every reason to believe that with tmified operation an average between 250 
and 500 miles can be made. 

The flexibility of the electric locomotive is much greater than that of the steam locomotive. 
Its capacity is determined by heating and therefore by the average work it has to do, and not by 
the maximum grade, which is taken care of by the overload capacity of the engine. With electric 
traction the maximum grade for the profiles within the superpower zone is practically elimi- 
nated as the determining factor in locomotive equipment. 

The availability of the electric locomotive for service is at least twice as great as that of the 
steam locoiiiotive. Aftet a trip it can be thoroughly inspected in less than an hour, whereas 
the thorough inspection of a heavy steam locomotive consimies four to ten hours. It requires 
no water, fuel stations, ashpits, or turntables. The repair-shop capacity required is less than 
a third of that needed for st^am locomotives. The expense of track maintenance is reduced, 
and the ballast is cleaner. The engine-house expense is reduced nearly to a Eligible amount. 
In the electric locomotive energy can be regenerated where the profile permits it, thus saving 
some energy' and much wear of brake shoes, bettering the handling of trains, and consequently 
saving expense in freight-car maintenance. 

As a result of these and other advantages the 'electric locomotive should, under favorable 
conditions, handle twice as many ton-miles as the steam locomotive per locomotive-year; on- the 
Norfolk & We&tem it actually handles three times as many ton-miles. This gain is not possible 
under all conditions, but it is possible where the traffic is great and the tracks, yards, and ter- 
minals are congested, as they are in the superpower zone. 

Electric traction, then, gives increased capacity of main track, yard track, and locomotives 
with reduced cost of operation and maintenance per ton-mile and pet* passenger-mile. 

ADVANTAGBS OF THE BUBCTBIC LOOOHOTIVB AS A MACHENB. 

The electric locomotive is a better machine than the steam locomotive for the following 
among other reasons: It has no boilers or firebox; it has a shorter rigid wheel base; it carries 
no tender; it has a greater ratio of weight on drivers to total engine weight; it has less weight 
per driving axle, and a greater proportion of its weight is spring borne; it has uniform torque 
and therefore a higher coefficient of adhesion; it can be built for any power desired by increasing 
the nimiber of driving axles and is therefore free from limitations of length; its maximum 
torque is available at much higher speed; the steam locomotive can work to an adhesion of 20 
per cent up to only 10 or 12 miles an hour, whereas the electric locomotive can work to this 
adhesion up to 20 to 25 miles an hour; its efficiency over a range of load from 50 to 100 per cent 
varies only a few per cent and is constant throughout its life, whereas the efficiency of the steam 
locomotive varies over a wide range with age and uise — a modem superheated steam locomotive 
requires 50 per cent more steam per horsepower-hour at full load than at half load ; and finally, 
a steam locomotive must bum coal in descending a grade on which an electric locomotive will 
regenerate energy. To siun up, the electric locomotive is much the better transportation tool. 

CLASSES OF ELECTRIC IjOCOMOTIVES, 

The great variety in types and weights of steam locomotives for freight, passenger, and 
switcher service is largely the result of growth, of change in fashion, and of whims of individual 
operating officers. Tttiere is no soimd reason for such variety. The United States Railroad 
Administration formulated certain standard designs of steam locomotives, reducing the number 
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of types to about ten, including the Mallet oi- articulated locomotive. VHth electric equipment 
this number can be reduced still further, certainly to as few as six types and possibly to three, 
as may be seen from an examination of the weight on drivers of the steam locomotives now in 
use. Those in freight service carry between 77 and 120 tons on drivers. Of those in passenger 
service, 80 per cent carry between 64 and 80 tons on drivers; but a few v^ry small locomotives^, 
probably 5 per cent of the total, are performing no material service. Of the switchers, 90 per 
cent carry from 65 to 85 tons on drivers, and a few carry more. 

The entire freight service in the superpower zone can be handled by electric freight loco^ 
motives having two articulated 2-axle trucks, each carrying two motors geared to the axle, 
die mounting being essentially the same as that in a number of locomotives now in use and 
similar to the usual street-car mounting. There would be two classes of locomotives of this 
typ^— a light one carrying 80 tons on drivers and having a continuous drawbar pull of 22,000 
pounds at 25 miles anrhour, and a heavy one carrying 110 tons on drivers and having a continuous 
drawbar pull of 30,000 pounds at the same speed. These units can be combined in any reasonable 
number; the total load on drivers can be made equal to 80, 110, 160, 190, 220 tons or as much 
more as may be desired, being limited only by the strength of the draft rigging. A train can 
of course be double-headed, and a total tractive pull up to the maximum now in use can be 
obtained, with at least double the present speed. 

For passenger service a similar arrangement would be used — that is, two articulated 
2-axle trucks, with one motor geared to each axle. The motors may be practically the same 
as those in the freight locomotives, the only difference being a change in gear ratio. The 
passenger locomotive, however, would have leading and trailing trucks, with either two or four 
wheels, and the total weight would be redistributed. This passenger locomotive would be of 
two weights, the light one having 60 tons on drivers, and the heavy one 90 tons. These also 
may be combined, like the freight locomotives. 

For the switchers one size will be adequate, with 70 to 76 tons on drivers, of the same 
type as the freight locomotive. Substantially the same frame and running gear can be used, 
with motors of less capacity. 

AU three types of locomotives will have the usual overload capacity, and all will be able 
to operate in starting and accelerating at 25 to 30 per cent adhesion. 

These suggested sizes and types of locomotives can of course be varied greatly without 
sacrificing the advantage of unified electric operation, but identity of types for the same service 
throughout the superpower zone is essential. 

SCOPE OF RAILROAD INVESTIGATION, 

The general purpose of this investigation is to estimate the saving that would be effected 
by unified electric operation of the class 1 railroads within the superpower zone and to compare 
this estimated saving with the investment needed to effect it. 

For this purpose the traffic conditions and the kind and quantity of. service assumed are 
those of 1919, with the substitution of the electric for the steam locomotive. Of course, to 
insure the greatest gain from electric traction the entire transportation scheme must be re- 
vamped and fitted to the use of the new agent. An analysis based on such a chaxige, however, 
would involve a detailed study of each road, and indeed of each division, which is not now 
possible. 

The estimated saving in the cost of opei'ation includes a reduction in certain items of 
steam-railroad cost that will be effected by the change of motive power. These items, named 
approximately in the order of their cost, are locomotive maintenance (including engine-house 
service), coal and water, and wages of crew. These items make up about 90 per cent of the 
expense affected by the change in the method of operation. In addition to the saving on these 
principal items there will be some saving— an amount hard to estimate — ^in the maintenance 
of curved track and freight cars, as a result of better train handling, and in certain minor items. 
The reduction in all these expenses will be offset by the cost of the electric energy required to 
do the work done by steam, the cost of the operation and maintenance of substations and of 
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the electric overhead distribution system and track circuits, and the cost of muntenance of the 
electric locomotives. 

The cost of electric energy, as the phrase is used here, means its total cost delivered to the 
railroad company's substation. The railroad company will have no investment in plant for 
generating or transmitting enei^. Its investment begins with substations segregated for 
railroad use, owned by the rieiilroad company individually or jointly with other companies. 

This comparison of costs of investment and operation need take no account of the system 
of electric traction to be used except in so far as the use of different systems might entail different 
costs of operation or construction. The only two systems that are applicable to general traction 
within the superpower zone are the 3,000-volt. direct-current system and the 11,000-volt (or 
higher) alternating-current system, both with overhead distribution circuits and rail return. 
Both of these systems are in successful use, and both can no doubt be designed and constructed 
to give satisfactory service in the zone. 

The altemating-ciirrent system generally involves a lower investment cost than the direct- 
current system, as at low frequencies of supply substations with rotating machinery are replaced 
by transformers erected along the right of way; but this saving will not be effected under the 
super power system, for the frequency adopted for generation and transmission — 60 cycles — 
requires substations with rotating machinery for the alternating-current as well as for the 
direct-ciirrent system, and the capital costs of the two are nearly equal. 

The operation and maintenance of substations is ordinarily an additional burden in the 
direct-current system, but under the superpower system this would be offset by the addition 
of the frequency-changing equipment. 

In order, then, to avoid some uncertain elements in the estimates of the cost of the alter- 
nating-current system it has been decided to base all estimates, both of operation and of con- 
struction, on the 3,000-volt direct-current overhead system. Substantially the same results 
in money could, however, be obtained with the alternating-current system, certain gains being 
offset by certain losses. 

PROCEDURE FOIiLOWED BY RAILWAY DIVISION, 

The procedure of the railway division of the superpower survey in its study of the proposed 
electrification of the heavy-traction lines within the superpower zone comprised the collection 
of the physical data, the analysis of the data, and the formulation of conclusions. 

DATA COL.LECnBJD. 

It was evident at the outset that it would not be adequate to study the roads as units but 
that a study should be made of the operating divisions of the railroads. A study of a railroad 
system as a whole, even if it lay entirely within the zone, would yield only average results, 
which might make a poor showing, whereas some of the divisions treated separately might make 
a good showing. It was therefore decided to ask each of the class 1 railroads within the 
superpower zone, of which a list is given below, to answer the questions on Form A, asking for 
certain fundamental data as to roadbed, equipment, and traffic. This information, like all 
other information sought, was to cover the year 1919. 



Class 1 railroads within the superpower zone. 



Boston & Maine. 

Boston & Albany. 

New York, New Haven & Hartford. 

New York Central. 

Delaware & Hudson. 

« 

Ulster & Delaware. 
New York, Ontario & Western. 
Lehigh & New England. 
Lehigh & Hudson River. 



Erie. 

Delaware, Lackawanna & Western. 

Lehigh Valley. 

Central of New Jersey. 

Long Island. 

Pennsylvania. 

Philadelphia & Reading. 

Western Maryland. 

Baltimore & Ohio. 
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Form A* 

« Data Shbbt fob Stbam-Opbratbd Divisions. 

boundary of zonb. 

The zone included in the superpower survey is bounded as follows: Beginning where the 39^ pandlel crosses 
Delaware Bay, thence west to Washington, looping around Washington to include the city; thence north along the 
77^ meridian to its intersection with the 41^ parallel; thence northeasterly to the inteisection of the 43^ paralleP and 
the 75^ meridian; thence east to the vicinity of Portsmouth, N. H., looping around that city; and thence to the 
Atlantic seacoast, running outside of Long Island and New Jersey to the starting point on the 39^ parallel. 

The information requested herein refers to those parts of your system included within the above boundaries which 
are steam operated wholly or in part. (Data covering electric operations are outlined on ''Data sheet for electric- 
operated divisions.'') 

ROADBED. 

1. Outline map, showing all lines within the zone, indicating division points, number of main tracks, sidings, 
etc. ; also indicate nearest division point outside of zone boundaries. Maps giving track profiles. 

2. Diagram of principal yards, showing track layout. 

3. Summation of mileage of track — e. g., first, second, and other main tracks; sidings, etc., for each division. 

EQUIFHENT. 

4. Number and classification of locomotives assigned to each division for freight, passenger, and switching service, 
g;iving for each class total weight with tender full and tender empty, and weight on drivers. 

TRAFFIC. 

Give separately fat each division for each month of 1919, and total for the year: 

5. Passenger service, train-miles, total locomotive-miles, and car-miles. 

6. Freight service, train-miles and total locomotive-miles. 

7. Gross ton-miles moved (including engine and tender), separately for freight and passenger. 

8. Switching service, ton-miles, engine-miles, engine-hours, or in such other form as is at hand. 

^ 9. Amount of coal used for each class of service separately, if possible, and totals; kind of coal burned. 

I 10. Average annual maintenance per locomotive-mUe, separately for each class, if possible. 

On January 15, 1921, all replies were in hand. A preliminary analysis was made of each 

set of replies when received ; correspondence with the designated officer of each railroad helped 

to clear up points that were obscure and supplemented the information furnished; and all 

'^ available data covering roadbed, equipment, and traffic were complete before the middle of 

^^ February. 

In addition to Form A a second sheet (Form B) was sent to the roads that were in part 

electrically equipped — the Baltimore & Ohio, the Pennsylvania, the Long Island, the New York 

Central, and the New York, New Haven & Hartford. The questions on this form are more 

►ut general and were intended principally to elicit an accurate description of the physical property 

*ad and equipment, together with sufficient statistics of traffic and of electric supply to permit 

Its, their discriminating use in the allocation of energy required for the proposed unified operation 

ike of the steam roads. This information was all in hand at about the same time as the data from 

the the steam roads. 

^Qf Form B. 

aU Data Sheet fob ELEcrRic-OpsRATED DmsiONS. 

BOUNDARY OV ZONE. 

The zone included in the superpower survey is bounded as follows: Beginning where the. 39^ parallel crosses Dela- 
ware Bay, thence west to Washington, looping around Washington to include the cit>-; thence north along the 77^ 
meridian to its intersection with the 41^ parallel; thence northeasterly to the intersection of the 43^ parallel and the 
75^ meridian; thence east to the vicinity of Portsmouth, N. H., Ipoping around that city; and thence to the Atlantic 
seacoast, running outside of Long Island and New Jersey to the starting point on the 39^ parallel. 

The information requested herein refers to those parts of your system included within the above boundaries which 
are electrically operated wholly or in part. (Data covering all steam operations are outlined on '' Data sheet for steam- 
operated divisions . ") 

1 The northern botindiuy of the tone as flnaUy studied is the 44th paraUel. 
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DBSCRIFTION Or PHTBICAL PBOPBBTT. 

1. A map showing the electric diviflTcnis, indicating tracks electrified and location of power house and substatisDs, 
and track profiles. 

2. A description of the system of generation, transmisBion, transformation, distrit>ution, and utilization of the 
electric supply, i^luding general equipment of power stations, substations, etc. Diagrams giving feeder, trolley 
(or third rail), and bonding layouts, and any printed descriptions or references thereto. 

3. (reneral description with di&wings of locomotives in use, with total weight and weight on driven. 

4. Characteristic pericsmance curves of locomotives-HBpeed, torque, aiyi heating. 

• TJfiJ^mC STATISTICS MONTHLY FOR 1010 AND TOTALS. 

5. Train-miles (excluding miiltipie-unit cars) for freight and passenger, or for both. 
0. Electric locomotive-miles for freight and passenger, or for both. 

7. Multiple-unit car mileage and train mileage. 

8. Statement of switchihg service in electric locomotive-miles, locomotive-hours, or in such fona as is at hand. 

9. Total gross ton^miles moved. ' 

ELECTRIC SUPPLY. 

10. Kilowatt-houis' used — power-house output or substation input or output, preferably the latter. State point 
of measurement and whether record is available at either of the other points, even if for shorter periods. 

11. Average daily, monthly, and annual load factors, stating how divisor is determined — ^that is, whether hourly 
peakorothet. 

12. Monthly peak, kilowatts. 

13. Cost of electric supply in detail, if generated; or price, if purchased. 

14. Cost of handling traffic per train-miie^aBd per ton-nule. 

15. Maintenance cost of locomotives per locomotive-mile and annual totals. 

16. Cost of construction and equipment, subdivided into energy supply, transmission system, substations, distribu- 
tion, and locomotives, with date of purchase. 

17. Total cost of operatioxi And maintenance of electric system under standard Interstate Commerce Oonmussion 
dasBification. 

Tables 8, 9, 10, and 11 set forth these fundamental data' of the roadbed, equipment, and 
traffic of each of the steam roads within the zone, and Table 12 summarizes them for the entire 
zone. The Central New England is included with the New Haven road in all tables. 

» 

Table 8. — Steamroperated traekt owned by cUui 1 railroads within superpower zone, 1919, in miles. 



System. 



Boston & Maine 

Boston <Sc Albany 

New York, New Haven & Hartford and Central New 

Enffland « i . 

New York Central « , 

Delaware & Hudson \ 

Ulster & Delaware 

New York. Ontario & Western 

Lehigh & New England 

Lehigh & Hudson Kiver 

Erie 

Delaware, Lackawanna & Western. . . . .' 

Lehigh Valley 

Centnd of New Jersey 

Long Island « , 

Pennsylvania fl. . 1 ^ ".."..... 

Philadelphia & Reading 

Western Aiaryland. ; 

Baltimore & Ohio 



Main track. 



first. 



1,872 
393 

2,212 

790 

377 

129 

180 

238 

75 

715 

590 

673 

638 

312 

2,176 

1,581 

95 

350 



Second. 



620 

220 

819 
594 
233 



154 
4 



13, 396 



364 
357 
312 
252 
102 
944 
627 
20 
227 



other. 



10 
110 

66 

414 

56 



5,849 



67 
122 
129 

80 

7 

515 

157 



Total. 



43 



1,776 



2,502 
723 

3,097 

1,798 

666 

129 

334 

242 

75 

1,146 

1,069 

1,114 

970 

421 

3,635 

2,365 

115 

620 



Yards and 
sidings. 



1,124 
419 

1,558 

952 

337 

34 

118 

114 

57 

725 

705 

774 

822 

281 

2,473 

1,375 

58 

307 



21, 021 12, 233 



Total. 



1,142 

4,655 
2,750 
1,003 
163 
452 
356 
132 
1,871 
1,774 
1,888 
1,792 
702 
6, 108 
3, 740 
17^ 
927 



33,254 



« Electrified track omitted. 
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Tabus 9. — SUam loeomotiveg in tervice on eUui 1 raHroads within superpower zone^ 1919. 



System. 



mt 



Boflton dc Maine 

Boston A Albany 

New York, New Haven & Hartford and Central New England. 

New York Central 

Delaware & Hudson , 

Ulster & Delaware 

•New York. Ontario & Western 

Leh^ & New Endand 

Leh:&h A Hudson Kiver ; 

Brie 



Delaware, Lackawanna & Western 

Lehigh Valley.* 

Centnd of New Jersey 

Long Island 

Pennsvlvania 

Pbiladelnhia & Reading.' 

Weitem Maryland 

Baltimore & Ohio 



Per cent. 



Freiglit. 


Paasenger. 


Switching. 


Total. 


465 
147 


305 
143 


203 
61 


973 


351 


416 


407 


344 


1,167 


244 


191 


212 


647 


262 


34 


18 


314 


17 


8 


3 


28 


77 


39 


8 


124 


35 


2 


24 


61 


40 


5 


3 


48 


260 


176 


132 


568 


312 


128 


130 


570 


280 


85 


254 


619 


253 


155 


177 


585 


43 


67 


36 


146 


674 


593 


568 


1,835 


474 


242 


366 


1,082 


46 


26 


21 


93 


106 


63 


141 


310 


4,151 


2,669 


2,701 


9,521 


43.6 


28.0 


28.4 


100 



Tablb 10. — Steam traffic movement on daee 1 railroads ivithin superpower zone, 1919. 



tribu- 



entire 



tottl^ 



J5 
)5 

74 1 

:8l 

J75 

58 

307 






I- 

I 

I." 




System. 



Boston & Maine 

Boston & Albany 

New York, New Haven & Hartford and Central New England 

N ew York Cen tral 

Delaware & Hudson ' 

Ulster <Sc Delaware 

New York, Ontario A Western 

Lehigh & New EnfiAand 

Lehigh & Hudson Kiver 

Erie ^ 

Delaware, Lackawanna & Western 

Lehigh Valley 

Central of New Jersey 

Long Island 

Pennsvlvania 

Philaaelphi|k A Beading 

Western Maryland 

Baltimore & Ohio 



Freii^t, 

trailing load 

(ttuNuaiids of 

tan-mileB). 



6, 
3, 

8, 
10, 

5, 



5, 
6, 
5, 

4, 

22, 
10, 

3, 



660,000 
266,000 
183,000 
914,000 
650,000 
85,000 
915,000 
488,000 
710,000 
707,000 
200,000 
093,000 
400,000 
299,000 
545,000 
900,000 
235,000 
379,000 



95, 629, 000 



(thousands 
oftraiii- 
miks). 



9,220 

3,640 

11,250 

10,400 

910 

240 

865 

. 30 

125 

4,600 

4,100 

2,170 

3,810 

2,500 

23,*426 

7,550 

240 

2,950 



88,026 



Switching 
(thousands 
oflooomo- 
tive-milfls). 



4,460 

2,330 

4,900 

5,086 

1,143 

27 

300 

540 

80 

2,306 

3,200 

3,480 

3,000 

1,200 

14,024 

7, 763 

120 

2,577 



56,536 
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Tablb 11. — Coal used by steam locomotives of class 1 railroads within the superpower zone, 1919, in short tons. 



System. 



Boston & Maine 

Boston & Albany 

New York, New Haven & Hartford and Central New England 

New York Central : 

Delaware A Hudson 

Ulster & Delaware 

New York, Ontario & Western 

Lehigh & New England 

Lehigh & Hudson Kiver 

Erie 



Delaware, Lackawanna & Western. 

Lehigh Valley 

Central of New Jersey 

Long Island 

Pennsylvania 

Philadelphia & Reading 

Western Maryland 

Baltimore & Ohio 



Per cent. 



Freight. 



642,500 
397,000 
800,000 
724,000 
622,000 

18,700 
106,300 

63,100 

58,000 
575,500 
900,000 
676,000 
505,700 

84,200 
1, 731, 200 
1, 505, 100 

48,000 
312,500 



9, 771, 800 
53.1 



Passenger. 



485,000 

246,000 

705,000 

609,500 

62,000 

14,000 

35,000 

2,800 

7,600 

356,900 

300,000 

187,000 

260,400 

141,200 

1, 413, 000 

495, 100 

16,700 

187,800 



5, 525, 000 
30.0 



Switcher. 



Total. 



193,500 

83,000 

279,000 

272,500 

81,000 

1,300 

16,000 

27,500 

5,300 

161,000 

200,000 

240,000 

195,400 

48,100 

750,800 

404,500 

9,600 

140,000 



3, 108, 500 
16.9 



1, 321, 000 

726,000 

1, 784, 000 

1,606,000 

765,000 

34,000 

159,300 

93,400 

70,900 

1, 093, 400 

1,400,000 

1, 103, 000 

961,500 

273,500 

3, 895, 000 

2, 404, 700 

74,300 

640,300 



18, 405, 300 
100.0 



Table 12. — Summary of principal data for class 1 railroads within the superpower zone for 1919. 
Road miles. . 13, 396 



Main track do. . . 

Yards and sidings : do. . . 

All tracks do. . . 

Freight locomotivos 

Passenger locomotives 

Switcher locomotives 

All locomotives 

Freight trailing load thousands of ton-miles. 

Passenger service train-miles. 

Switcher service locomotive-miles. 

Coal burned: 

Freight service short tons. 

Passenger service do'. . . 

Switcher service do. . . 

All services do. . . 



21, 021 
12,233 



33, 254 



4,151 
2,669 
2,701 



9,521 



95, 629, 000 
88, 026, 000 
56, 536, 000 

9, 771, 800 
5, 525, 000 
3, 108, 500 

18, 405, 300 



In addition to the data from the railroads two large electric companies, the General Elec- 
tric and the Westinghouse, were asked to prepare estimates of cost of substation equipment, of 
electric locomotives, of catenary construction, and of other electric facilities — all as of the year 
1919. Similar data were also asked of the Ohio Brass Co. and one or two other companies. 
All made prompt and full response. After a provisional analysis of certain of these data the 
opinions of engineers of electric railways were sought, and their criticisms were considered in 
making up final estimates of cost of construction and of operation. 

The locomotive-mile and the ton-mile were selected as bases for the electric compariscms, 
principally for the reason that locomotive maintenance is always reported ''per locomotive- 
mile," both for steam and electric locomotives. The statistics of electric service for energy 
used can easily be put into any units. Form C was standardized, and the replies from the 
operating roads were all tabulated in this form, as shown on the following page. 
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FormC. 

Comparison of$team and eUctrie operation, M, & N. aystem, R. divition. 



59 





Freight. 


Pasaengcir. 


Switchm*. 


All services. 




Unit value. 


Total. 


Unit Taliie« 


Total. 


UdU value. Total. 


Unit value. 


TotaL 


1. Milee of road operated. . 




298 
505 

96 
9,600 

1,728 
2, 433, 000 




293 
505 

89 
5,700 

4,150 








293 


2. Miles of track operated. . 








221 

60 
4,860 

1,654 




726 


Steam, 

8. Aveia^ nixmbw of «»• 
siimed locomotiveB 










245 


4. Weight on driven .toii0.. 

5. Locomotive-milee, 

thousands. . 


100 


64 


81 


82.3 


20,160 
7,532 


6. TraOine ton-miles, do 








• 


7. Car-miles do 






"'"'28,130 
225,000 

108 










8. Coal burned tons. . 




221,000 
225 

73,000 

73,000 
73,000 

148, 000 

$1, 105, 000 
730,000 






68,' 500 
83 




514,500 
137 


9. Coal per locomotive- 










Electric. 

10. Kilowatt-hours (M-ton- 
mile basis) .thousands. . 


30 
42.3 










11. Kilowatt-hours (locomo- 

tive-mile basis, 
thousands. . 

12. Eauivalent coal. . .tons. . 


20 


83,000 
83,000 

142,000 

$1, 125, 000 
830,000 


15 


24,800 
24,800 

43,700 

$342,500 
248,000 


1 

24 


180,800 
180,800 


13. Coal saved, per cent and 
tons 


67 

$5.00 
.01 


63 


64 


65 


333,700 


Unit and total cost. 
14. Cost of coal and water<>. . 


$2, 572, 500 
1,808,000 


15. Cost of electric enejrgy. . 


••••••••• 














16. Excess cost of steam 


375,000 

1, 087, 000 

142,200 

84,000 

51,000 


295,000 

1, 519, 000 

341,500" 

218,000 

58,100 


94,500 
605,000 
136,100 
300,000 

17,400 


764,500 

3,211,000 

619, 800 

602,000 


17. Locomotivemainte- 

nance, steam b 

18. Locomotive mainte- 

nance, electric 6 

19a. Maintenance of distri- 
bution system 


.63 
.0823 
690.00 
.0007 


$0,366 
.0823 


$0,366 
.0823 
400.00 
.0007 


$0,426 
.0823 


19b. Substation operation 
and maintenance 


.0007 


.0007 


126,600 


20. Total cost, steam opera- 
tion 


2, 192, 000 
1, 007, 300 


2,644,000 
1, 447, 600 


947,500 
701,500 


5, 783, 500 
3, 156, 400 


21. Total cost, electric oper^ 
ation 












2,346 


2,369 


1,113 


8,619 




22. Excess cost, steam oper- 
ation 


1, 184, 700 


1, 196, 400 


246,000 


2. 627. 100 







a Includes cost of fuel and water stations. 



h Includes engine-house expense. 



ANALYSIS OF DATA. 

The first nine items of Form C are taken from the replies of the railroads to the questions 
of Form A. Itbms 10 and 11 cover the kilowatt-hours used. 

The view here taken is that the steam locomotive is a machine doing useful work, which 
in freight service is represented by the gross weight of cars and contents multiplied by the 
distance moved — that is, the ''trailing ton-miles." In this service variations in speed are of 
little consequence. The total tonnage movement is here referred to as "total ton-miles'' or 
as "traiUng ton-miles plus locomotive ton-miles.'' 

The same procedure is followed in estimating the electric requirements — the electric 
locomotive is regarded as a machine substituted for the steam locomotive to dp the same 
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work. This procedure, however, does not lead to a direct statement of the saving in tonnage 
movement due to the smaller total we^ht of the electric locomotive as compared with that 
of the steam locomotive and tender. This difference, including for freight service the weight 
of the loaded tender and the part of the weight of the steam locomotive that is not on 
drivers, can be estimated separately; it is approximately 8 to 13 percent of the trailing ton-miles. 
This difference is considerable, but it is not of so great consequence as is sometimes assmned. 

In passenger service the work done is that of moving the loaded cars over a certain distance 
at a certain speed, and in this service the speed — the time consumed — ^is important. 

ENERGY RBQT7XRBD FOR BLECTRIC TRAOTIOK. 

The electric enei^ required for the railroads is determined from the records of lines already 
electrified, with proper allowance for variations in the conditions of operation, and from calcu- 
lations based on the profile and the alinement of the roads considered and the efficiency of their 
locomotive and distribution systems. 

The most extensive data available for lines already electrified are those of the New Haven 
road, which has installed wattmeters on its locomotives, keeps records of their individual per- 
formance, and classifies these records for the several kinds of service performed. This- company 
also keeps daily records of the energy generated at its Coscob station and of that which it buys 
from the United Electric Light & Power Co. and the New York Central Railroad Co. Tables 
have been prepared by the New Haven company showing the energy used in slow-freight, 
local-freight, fast-freight, passenger, and multiple-unit service. 

Table 13 is a siunmary of the average operating results of the New Haven system for 1919, 
showing the input to the locomotive in kilowatt-hours per locomotive-mile, train-mile, trailing 
ton-mile, total ton-mile (including locomotive), and car-mile for fast, slow, local, and all freight 
service; for express, local, and aU passenger service; and for multiple-unit service. These 
figures can be used with confidence for railroads operating under conditions similar to those of 
the New Haven, which do not differ materially from those of a number of the other roads in 
the superpower zone, particularly along the coast. In fixing the units of energy for the different 
operating divisions much weight is given to the results of the New Haven service, modified as 
required by the profile and alinement under examination. 

Table 13. — Electric energy used by New Haven locomotives in 1919 ^ in Hlowatt-hoiurs of locomotive input. 



Freifi^t service: 

Fart 

Slow 

Local 



Average. 



semce: 

ExpreflB 

Local 



Average. 



Multiple-unit service. 
Yard switcliing 



Perlooomotive- 
mlle. 



26.0 
34.0 
36.1 



33.6 



13.7 
17.5 



14.7 



12.4 



Per tndn-mile. 



27.0 
42.7 
36.5 



40.0 



24.6 
26.1 



25.1 



17.4 



Per 1,000 ton-mileB. 



Trafling. 



24.5 
24.9 
42.5 



26.6 



44.3 
76.5 



51.4 



62.2 



Train. 



22.2 
23.1 
38.2 



24.5 



32.6 
5L4 



37.0 



62.2 



Per ov-xnlle. 



0.88 

.93 

L52 



98 



2.96 
3.93 



3.21 



4.2 



Other records of electric energy for locomotive-drawn trains, both freight and passenger, 
are given in Table 14. The figures for the New Haven system in this table are referred to the 
substation output, an efficiency of 90 per cent being used for the distribution system. Those 
for the Chicago, Milwaukee & St. Paul are given on the authority of the electrical engineer of 
that road for the energy delivered to the substation, multiplied by 83 per cent as average 



BLECTEIFICATION OF HBAVY-TRAOTION RAJLBOADS. 



61 



substation effieiency; those for the New York Central Railroad were presented by the chief 
engineer of electric traction at the joint meeting of the American Institute of Electrical 
Engineers and the American Association of Mechanical Engineers October 22, 1920; those for 
the Pennsylvania Terminal are given in reports made to the superpower survey. All are 
reduced in Table 14 to the same point of reference — ^the substation output. 

Tablb 14. — Electric energy need for locomotive-drawn freight and paseenger trains, in kilowatt-houre of siibstation output. 



New 



Chicago, 
Milwaukee 
dic&tPaul.» 



New York 
Central. 



Pennsyl- 

yania 
Tenninal. 



Frei^t service: 

rer train-mile 

Per locomotive-mile 

Per thousand ton-miles (trailing) 

Per thousand ton-miles (total). . . 
Passenger service: 

Per train-mile 

Per locomotive-mile 

Per thousand ton-miles (trailing) 
Per thousand ton-miles (total). . . 



44 
37 
29 

27 

28 
16 

57 

41 



33 
29 



30 



47 
33 



{ 



C40 
d2Q 



} 



32 
55 



a Energy at locomotive 1.17. 



b Substation Input 0.S3. 



* Average. 



tf Minimum. 



x^ 



■ H^st bound 
East bound 




FioiTBX 13.— Typical railroad profile. 



The second method of detenninmg electric energy required consists in calculating, from 
profile and alinement, the work due to normal train resistance and adding to this the net 
work done against gravity, plus the work due to curvature, plus the work due to accelera- 
tion. For example, on the profile shown in 3% 00% 

figure 13, for eastbound movement it is ^^^fe^^i '" 1— mt»t boundx — ^53L^ 0.4% 

assumed that no power is required to descend ^ 
the 0.6 per cent grade, but no credit is taken 
for use of the kinetic enei^ accmnulated at the bottom of this grade in ascending the next grade ; 
for westbound movement it is assumed that no power is required on the 0.3 per cent grade for 
freight service, but that the difference between 0.3 and 0.5 per cent is used for passenger service. 
The lifting work is taken as the siun of the separate lifts; die work against curvature is the sum 
of the products of degrees of curvature taken from the alinement charts, multiplied by length of 
curve, and the unit resistance is taken at 0.8 pound per ton per degree. In freight service an 
acceleration frpm rest to 25 miles an hour and another from 10 to 25 miles an hour is assumed for 
each 10 miles. The sum of these elements gives the total work required at the rail to move a ton 
over the division considered. This process is carried through for movement in both directions, and 
the average of the two results is taken for the work required. This average divided by the 
efficiency from rail to substation input gives the watt-hours per ton-mile measured at the sub- 
station. For divisions on which the traffic is greatly unbalanced separate estimates were made 
for the eastbound and westbound movements. 

Calculations made for a number of the operating divisions within the zone that differ most 
widely in grade and alinement show that the added resistance in freight service di\e to grade, 
curvature, and acceleration ranges from 0.5 to 10 pounds per ton. The maximum figure is that 
for the Jefferson division of the Erie, which includes a straight climb over a divide in both direc- 
tions. 

SWITCHSR SERVICE. 

The data of coal burned or energy required in switcher service are meager, consisting 
mainly of the results of a few tests recently made by the General Electric Co., of tests made by 
the Chicago Smoke Abatement Commission, and of tests made on the New Haven road. These 
tests show conclusively that the waste of coal in switcher service is great and that the actual 
work done by a switcher locomotive is small. 
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Hie tests in Chicago were made at a number of busy yards, in heavy service; chosen as 

typical of the conditions there. The average results are as follows: 

Work done per locomotive-hour: 

Trailiiig ton-miles.. 1,000 

Total ,.. do.... 1,400 

Coal used per locomotive-hour pounds. . 824 

Mileage per locomotive-hour 3. 26 

Trailing load tons. . 306 

Coal per trailing ton-mile pounds. . 0. 824 

Coal per locomotive-mile, actual : do 255 

Coal per locomotive-mile, 6-mile basis * do 138 

Time in motion, per movement seconds. . 80 

Time of stop, per movement do 53 

Total time, per movement do 133 

Length of run, i>er movement feet. . 640 

From these data the following deductions are made: 

Average speed when moving miles per hour. . 5. 45 

Maximum speed (say) do 10 

{watt-houiB per ton 2. 5 

watt-hours per ton-mile.. 21 

Energy required at rail for train resistance do. ... 16 

Total energy at rail do 37 

Total energy per locomotive-hour kilowatt-hours. . 52 

Coal burned per kilowatt-hour of work at rail pounds. . 16 

Efficiency assumed, rail to substation per cent. . 63 

Energy required for substation input, per locomotive-hour kilowatt-hours. . 83 

The tests made at Erie by the General Electric Co. with a storage-battery locomotive 
weighing 43 tons on drivers gave an average of 50 watt-hours per ton-mile of total train weight 
(including locomotive) ; the range from the six days' tests was from 47.8 to 65.7 watt-hours. 
Similar tests with a steam switcher weighmg 40 tons on drivers gave 1.47 pounds of coal per 
total ton-mile. That is, in similar service the coal equivalent of 1 kilowatt-hour input to motors 
was 29 pounds, and that of 1 kilowatt-hour at rails was 34 poimds. The corresponding figure 
for road service, given below, is 7.5 pounds. Switcher service involves a great waste of coal 
due to large stand-by losses. 

This 50 watt-hours per ton-mile is measured on the locomotive; referred to substation 
input it becomes 65 watt-hours per total ton-mile and 87 watt-hours per trailing ton-mile where 
25 per cent of the total train weight is in the locomotive. This is practically the same as the 
83 watt-hours per trailing ton-mile (83 kilowatt-hours per locomotive-hour) deduced above 
from the Chicago tests. 

The above figures are all in general accord with such data as have been published; some 
results, however, have indicated much lower figures — as low as 30 to 50 kilowatt-hours at the 
substation per locomotive-hour. 

COAL SAVBD. 

The quantity of coal burned in a steam locomotive equivalent in work done to 1 kilowatt- 
hour delivered to an electric locomotive is estimated by the electrical engineer of the Baltimore 
& Ohio Railroad at 7.5 pounds and by the electrical engineer of the Chicago, Milwaukee & 
St. Paul Railway at 8.4 pounds. A committee of the American Electrical Railway Association 
has published data for a modem Mallet locomotive, with superheater, which makes the equivalent 
coal per kilowatt-hour with stand-by losses 7.5 poimds. The same authority elsewhere gives 
6.5 pounds as the equivalent of 1 kilowatt-hour at the power station, equal to 8.1 pounds per 
kilowatt-hour at the locomotive. Other electrical authorities give materially larger figures — 
some as much as 12 pounds. The weight of expert opinion is, then, that not less than 7.6 pounds 
of coal is required to do the work of 1 kilowatt-hour at the locomotive. 

The approximate uniformity shown on the operating sheets (Form C) in the percentages 
of coal saved in the three services on the several roads by electric operation tends to confirm 
the validity of the figures taken for kilowatt-hours used (items 10 and 11, Form C); on the 

A standard method of expressing switching units is at 6 miles p^ looomotiye-hoiir. 
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assumption that all the roads in the territory are fairly well operated there should be approxi- 
mately the same percentage of saving of coal on each road in freight, passenger, and switcher 
service, respectively. The performance of individual steam locomotives of course diflFers 
materiaUy, but that of groups only slightly. The operating sheets show that the coal saved in 
freight service is from 60 to 70 per cent. For passenger service the saving is from 65 to 75 
per cent, in general somewhat higher than for freight service, as would be expected, inasmuch 
as the freight locomotives are more closely proportioned to their work than passenger loco- 
motives. Similarly the saving in switcher service is from 70 to 85 per cent, and this also is 
consistent, inasmuch as the switchers operate under the worst conditions. 

EFFICnCNCY. 

^ 

The power and the losses in the several parts of the direct-current system from substation 
input to rail for average load are taken as — 

Per ceot. 

Subetation input 100 

Subetation output 85 

Diatribution efficiency > 90 

Input to locomotive 76. 5 

Efficiency of locomotive '. 82. 6 

Output of locomotive 63 

Under these conditions a freight train with a resistance of 6 pounds per ton would require 
19 watt-hours per ton-mile, and a passenger train at 10 pounds per ton would require 32 
watt-hours per ton-mile. 

BQtTIVAUBNT COAL. 

Item 12 on Form C, '^ equivalent coal,'' is uniformly taken at 2 pounds per kilowatt-hour 
for enei^ delivered at the substation. All losses of energy in transmission and conversion 
from the power station to the substation are included in this figure. It 1.5 pounds per kilo- 
watt-hour is the average for coal used in superpower stations, then the assumption of 2 pounds 
per kilowatt-hour at the substation means an efficiency of only 75 per cent from substation 
input to power house. This is low — 80 to 85 per cent is more nearly correct. The " equivalent '' 
coal is given only to show the percentage of coal that would be saved under electric operation; 
it does not enter into the comparative costs. 

COST OF COAL. 

Item 14 covers the total estimated cost of coal at the railroad's fuel stations, including 
freight on home lines, plus the estimated cost of operating and maintaining the fuel and water 
stations, prorated per ton to the total coal used. 

Only one or two of the replies from the railroads included freight on home lines. In this 
analysis the cost of delivering coal to points in the superpower zone has been determined from 
a base mine cost of S2.90 a ton for 1919. The cost of the coal delivered as thus determined is 
substantially the same as the cost reported by the railroad companies, after allowance for 
freight on home lines. In order to make the costs justly comparable throughout a unit price 
was adopted for railroad coal for each section; the cost per ton as thus fixed for the several 
sections of the zone is $5, S5.50, and S6 for the south, central, and north sections, respectively. 
These costs include the prorated cost of fuel and water stations. The uniform base mine price 
used affords a truer comparison of steam and electric operation than the variable figures of the 
railroad companies. 

COST OF SLBCTBIC BNSRGY. 

It is assumed that the railroads will purchase energy deUvered at high pressure at sub- 
stations on or near the railroad right of way, at the flat rate of 1 cent per kilowatt-hour. This 
price includes the total cost of generating and transforming electric energy and transmitting it 
to the railroad substations, with profit to the supplier. 

No estimate is made of the maximum power required for the service, except in so far as 
it is involved in the determination of the substation capacity and the feeder capacity, for as 

63361^—21 5 
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the cost of energy is figured at a flat rate per kilowatt-hour the maxima to be provided do not 
enter into this item. 

Similarly, no definite ratio has been assigned to the eastbound and westbound traffic; in 
general this ratio is similar for most of the roads in the zone. Where the profiles indicate that 
greater work is required in one direction than in the other this difference has been taken into 
consideration in the allocation of energy. All estimated figures here given are assumed averages 
and would of course have to be modified for each division by detailed study. 

The load factor of the several divisions will be between 40 and 60 per cent, and 50 to 53 
per cent may be taken as the average for unified operation. 

MAINTBNANCE OF, STEAM LOCOMOTIVES. 

Item 17 of Form C is the cost of steam-locomotive maintenance as reported by the railroads, 
plus engine-house expense, prorated to the locomotive-mile. This item is the one affected most 
by electrification. The saving in maintenance by the electric locomotive is from two to five 
times the saving in coal; and this difference accounts for 50 to 100 per cent of the net saving 
made by electric traction. 

Table 15 gives the cost of steam-locomotive maintenance for the principal systems in the 
superpower zone for 1919; the amounts included are Interstate Commerce Commission accounts 
No. 308, locomotive repairs, and Nos. 388 and 400, engine-house expenses for yard and train 
locomotives. These costs are reduced to the cost per locomotive-mile by taking as divisor the 
total mileage. From this result and the average weight of locomotive on drivers the sum of the 
cost of repairs and engine-house expense is prorated to the cost per locomotive^mile for 100 tons 
on drivers. 

Table 15. — Cost of maintenance of steam locomotives for 1919. 



System 



Average 
weight 

on 
drivers 

(tons). 



Boston A Maine 

New York, New Haven & 

Hartford '..!.. 

Central New England 

New York Central 

Delaware & Hudson . . . . . 
Lehigh <& New England. . 
Lehigh & Hudson River. 

Erie 

Delaware, Lackawanna <& 

Western. 

Lehigh Valley 

Central of New Jersey 

Pennsvh'ania I 

Philaaelphia <& Reading. 



80.9 

63.9 

68.6 

86.5 

89.2 • 

74.2 

76.3 

90.4 

r 

77.9 

85.6 

72.9 

83.53 

78.3 



80.76 



Distance' 
traveled 
(thousands 
of loco- 
motive- 
miles). 



24, 592 

23, 071 
1,844 

91, 313 

11, 015 
1,212 
. 767 

26, 078 

19, 263 
17, 883 
12,289 
112, 595 
22,164 



Interstate Commerce Commission accounts. 



Repairs (No. 308). 



Per loco- 
motive- 
mile 
(cents). 



364,086 



25.33 

29.9 

3L23 

2L15 

32.6 

27.8 

27.8 

45.6 

26.9 
40.6 
29.2 
38.6 
32.6 



3L8 



Per loco- 
motive- 
year. 



$5,562 

6, 110 
7,578 
5,203 
7,319 
5,521 
4,267 
9,790 

6,836 
7,126 
6, 210 
9,216 
6,853 



7,246 



Engine-house 

expense (Nos. 388 

and 400). 



Per loco- 
motive- 
mile 
(cents). 



8.66 

n.02 
10.37 
8.55 
12.22 
7.82 
8.77 
9.65 

9.45 
8.75 
6.24 
6.85 
8.93 



Per loco- 
motive- 
year. 



8.39 



$1,904 

2,253 
2,540 
2,103 
1,832 
1,554 
1,345 
2,070 

2,401 
1,537 
1, 328 
1,634 
1,879 



1,911 



Total cost. 



Actual. 



Per loco- 
motive- 
mile 
(cents). 



33.99 

40.92 
4L60 
29.70 
44.82 
35.62 
36.57 
55.25 

46.35 
99.35 
4L^ 
45.45 
3L53 



Per loco- 
motive- 
year. 



40,19 



$7, 466 

8,363 
10, 118 
7,306 
9,151 
7,075 
5,612 
11, 860 

9,237 
8,663 
7,538 
10,850 
8,732 



9, 157 



Prorated to 100 tons 
on drivws. 



Per loco- 
motive- 
mile 
(cents). 



55.63 

64.05 
60.65 
34.28 
50.20 
48.05 
47.94 
6L19 

46.62 
57.62 
48.- 55 
54.60 
53.00 



49.80 



Per loco- 
motive- 
year. 



$12, 263 

13, 210 

14, 755 
8,433 

10, 269 
9,545 
7,362 

13, 126 

11,855 
10, 115 
10, 339 
12, 983 
11, 152 



11, 310. 



Table 16 gives similar data for the New York Central, Pennsylvania, Reading, New 
Haven, and Erie systems for 1911 to 1919. The weighted average is given for the. years 1911 
to 1915, inclusive, a period during which there was practically no variation in these unit costs. 

It is difficult to find a satisfactory explanation of the great variations in these figures among 
the different systems; the division of total cost between repairs and engine-house expense differs 
somewhat, certain roads throwing more of the work on the engine house; but the sum. of the two 
items is still widely, divergent. There is no difference in the kind of service to which the loco- 
motives are put that will account for these marked variations. 
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Table 16. — Cost of mainterumce of steam locomotives for 1911-1919. 



System. 



New York Central: 

1911-1915 

1916 

1917 

1918 

1919 

Pennsylvania: 

1911-1915 

1916 

1917 

1918 

1919 

Philadelphia & Reading: 

1911-1915 

1916 

1917 

1918 

1919 

New York. New Haven & 
Hartfora: 

1911-1915 

1916 

1917 

1918 

1919 

Erie: 

1911-1915 

1916 

1917 

1918 

1919 





Distance 




ATerage 


traveled 


weight 


(thou- 


on 


sands of 


drivers 


locomo- 


(tons). 


tive- 




mOes). 


75.36 


66,356 


82.24 


108, 626 


83.60 


106,403 


85.60 


100, 576 


86.50 


91, 313 


75.'85 


94,142 


83.4 


105, 522 


87.6 


108, 638 


90.4 


122,965 


91.0 


112, 595 


62.92 


24,631 


70.83 


27,422 


73.20 


28,126 


75.4 


27,080 


78.3 


22,164 


50.7 


27,027 


55.6 


27, 495 


57.5 


26,099 


61.4 


24,784 


63.9 


23,071 


74.1 


28, 768 


82.3 


31, 621 


87.6 


29, 903 


90.0 


29, 316 


90.2 


26, 078 



IntOTState Commerce Commission accounts. 



Repairs (No. 308). 



Per loco- 
motive- 
mile 
(cents). 



9.04 

7.6 

10.0 

17.59 

21.15 

12.7 
13.1 
17.5 
32.88 
38. 62 

11.69 
12.28 
17.85 
28.17 
32.6 



9.6 
9.98 
14.0 
30.85 
29.9 

1L21 

15.65 

24.20 

45.3 

45.6 



Per loco- 
motive- 
year. 



$2,460 
2,421 
3,051 
4,689 
5,195 

3,221 
3,478 
4,620 
8,960 
9, 175 

2,886 
3,397 
4,993 
7,423 
6,853 



2,171 
2,272 
3,160 
6,400 
6,110 

2,430 
3,765 
5,400 
9,950 
9,790 



Engine-house 

expense (Noe. 388 

and 400). 



Per loco- 
motive- 
mile 
(cents). 



3.1 

3.06 

4.07 

7.30 

8.54 

2.8 
2.6 
3.4 
3.7 
6.8 

3.04 
3.19 
4.14 
7.50 
8.93 



3.00 
3.61 

4.77 

8.99 

11.04 

3.45 
3.90 
6.11 
11.75 
9.65 



Per loco- 
motive- 
year. 



$849 

972 

1,241 

1,947 

2,100 

710 

687 

899 

1,784 

.1,627 

750 

883 

1,156 

1, 975 

1,879 



681 

822 

1, 078 

1, 861 . 

2,253 

749 

936 

1,360 

2,582 

2,070 



Total cost. 



Actual. 



Pffloco- 

motlqre- 

mile 

(cents). 



12.14 
10.66 
14.07 
24.89 
29.69 

15.50 
15.70 
20.90 
36.58 
45.42 

14.73 
15.47 
21.99 
35.67 
41.53 



12.60 
13.59 
18.77 
39.84 
40.94 

14.66 
19.55 
30.31 
57.05 
55.25 



Prorated to 100 tons 
on drivers. 



Per loco- 
motive- 
year. 



$3,309 
3,393 
4,292 
6,636 
7,295 

3,931 

4,165 

5,519 

10,744 

10, 802 

3,636 
4,280 
6,149 
9,398 
8,732 



2,853 
3,094 
4,238 
8,261 
8,363 

3, 179 

4,701 

6,760 

12,532 

11, 860 



Per loco- 
motive- 
mile 
(cents). 



16.11 
12.96 
16.83 
29.08 
34.32 

20.44 
18.82 
23.86 
40.46 
49.91 

23.41 
21.84 
30.04 
47.31 
53.04 



24.85 
24.44 
'32.64 
64.88 
64,07 

19.78 
23.75 
34.60 
63.39 
61.25 



Per loco- 
motive- 
year. 



$4,391 
4,126 
5,134 

7,752 
8,434 

5,183 

4,994 

6,300 

11,885 

11, 870 

5,779 

6,043 

8,400 

12,464 

11, 152 



5,625 

5,565 

7,370 

13,454 

13,088 

4,290 

5,712 

7,717' 

13, 924 

3, 1481 



MAINTENANCE OF ELECTBIC LOCOMOTIVES. 

Item 18 of Form C, cost of maintenance of direct-current locomotives, is taken uniformly 
at 10 cents per locomotive-mile per 100 tons on drivers. Actual costs are shown in Table 17 for 
all direct-current railroads in the United States for 1919, and in Table 18 for all grouped, with 
the weighted average, for 1913-1919. The base cost, as stated above, is applied for each road 
to the. same .average weight on drivers as that of the steam locomotives of the road. 

Table 17. — Cost of maintenance of direct-current electric locomotives^ 1919. 



System. 



Baltimore & Ohio , 

Butte, Anaconda & Pacific 

Chicago, Milwaukee & St Paul 

Michi^in Central 

New York Central 

Pennsylvania Terminal 



Number of 

locomo- 

tive9. 



Average 

weight on 

drivers 

(tons). 




Distance 

traveled 

(locomotive- 

miiles). 



Cost. 



Actual. 



Total. 



214, 400 

565,600 

2,181,200 

245,500 

1, 940, 900 

1,348,000 



$24,600 
36,700 

340,200 
34,600 

124, 400 

225, 300 



6, 495, 600 



785,800 



Per 
locomotive- 
mile 
(cents). 



Per 

locomotive- 
year. 



Prorated to 100 tons 
ondri'vers. 



Per 
locomotive- 
mile 
(cents). 



Per 

locomotive- 
year. 



11.47 
6.49 

15.59 

14.10 
6.41 

16. 71 



$3. 076 


13.02 


1,312 


8.01 


7,394 


6.93 


3, 462 


13.05 


1,704 


7.00 


7,266 


16.30 



12. 10 



4,009 



9.77 



$3, 491 
1,619 
3, 286 
3,205 
1,862 
7,088 

3,238 
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Table 18. — Cost ofmainUnance of direct-current electric loooTnotives, 1913-1919. 



Year. 



1913 
1914 
1915 
1916 
1917 
1918 
1919 



Total distance 


Co6tperloco> 
motive-mile 


traveled 


(locomotive- 


per 100 tons on 
orivers (cents). 


miles). 


2,422,800 


5.83 


3, 678, 200 


5.42 


3,808,800 


5.44 


5, 662, 600 


4.50 


6, 797, 000 


5.89 


6, 431, 600 


7.66 


6, 495, 700 


9.77 



BISTBIBTmON SYSTEM. 

Item 19, Form C, maintenance of the electric distribution system, is taken at $600 per mile 
for main track and $400 per mile for yard track. These figures are based on the operating costs 
of certain electric roads and on a (X)nsideration of the usual maintenance costs of works of 
similar construction. Although $600 per mile of main track may seem low, it is probably not 
low if applied to a widespread system under unified control of both inspection and maintenance. 

MAINTENANCE OF 8T7B STATIONS. 

Item 19b, Form C, cost of operation and maintenance of substations, is based on $1.50 
per kilowatt per year of capacity, giving 0.7 mill per kilowatt-hour for a capacity factor of 25 
per cent. This is adequate for stations of the size required in a unified system for the entire 
zone. 

SAVING IN WAGES OF TRAIN C&EWS. 

Item 22 gives the excess cost for steam service as compared with electric service without 
allowance for saving in crew wages. Few data are available to show the amount of such saving, 
but those that are available indicate that it will be considerable. In the Butte, Anaconda & 
Pacific freight service there has been a decrease in crew time of 29 per cent per ton-mile and a 
simultaneous increase in tonnage moved of 35 per cent, together equivalent to a decrease of 47 
per ceiit in crew wages. On the Chicago, Milwaukee & St. Paul there has been an average 
decrease of 25 per cent in crew time and an increase of 30 per cent in tonnage moved, together 
equivalent to a decrease of 42 per cent in crew wages. On the Norfolk & Western two electric 
locomotives pull the same train as three Mallets at double the speed, making an output per 
locomotive-hour three times as great and a consequent saving in crew wages of 67 per cent. 
The reason for this reduction in crew wages per ton-mile is clear: if a steam locomotive pulls a 
train 100 miles in 10 hours and an electric locomotive pulls it 100 miles in 8 hours, the use of the 
electric locomotive will save 33 per cent in crew wages (as 2 hours of the 10 would be paid for 
at double-time rates) ; and if the train pulled by the electric locomotive is 25 per cent heaviw, 
the saving in wages will be 46 per cent. Such a saving is easily made. 

It is not yet possible to determine exactly the manner in which traffic within the superpower 
zone will be handled, but it is conservatively assumed that there will be an increase in ton- 
miles per electric locomotive-hour of 33 per cent and a consequent reduction in crew wages 
per ton-mile of 25 per cent. 

Table 19 shows for 1919 the crew wages in freight service per thousand ton-miles for the 
principal systems in the zone, the tonnage moved, and the saving due to an increase of 33 per 
cent in output; this saving averages 10 cents per thousand ton-miles. Applied at this rate the 
saving on the entire freight traffic of the zone in 1919 would have been $9,560,000. 

For passenger service no data are at hand; a general consideration of the subject does not 
indicate a material saving in crew wages, and therefore none is assumed. 

In switcher service the advantages of the electric locomotive in its quicker acceleration 
and quicker initial start are far-reaching. Tests made by the General Electric Co. at Erie 
show a movement per hour for the electric switcher of 1,000 trailing ton-miles as against 250 for 
a steam switcher of the same weight on drivers. The experience at the Oak Point yard of the 
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New Haven road proves that the relative output per locomotive-hour is more than 2 to 1. In 
view of these facts and of the characteristics of the machines, it is estimated that the electric 
switcher will do 50 per cent more work per hour than the steam switcher, and that consequently 
the wage account for the same total service will be reduced by 33 per cent. 

Table 19 shows that the average wages per switcher-mile in the superpower zone are S0.60. 
The saving will then be $0.20 per mile, and the total saving in wages for the entire switcher 
traffic in the zone in 1919 (56,536,000 miles) would have been $11,310,000; this is greater than 
the saving in freight service. 

Tablb 19. — Analytii of crew wage9 for freighl and switcher service, 1919. 



System. 



Boston & Maine 

Boston & Albany 

New York, New Haven & Hartford and Central 

New England 

New York Central 

Delaware & Hudson 

Lehigh A Hudson River ^ 

Erie 



Delaware, Lackawanna & Western. 

Lehigh Valley 

Centnd of New Jersey 

Pennsvlvania 

Philadelphia <& Reading 

Baltimore & Ohio 



Freight service. 



Wages per 
thoosand 
ton-miles. 



10.40 
.42 

.55 
.27 
.35 



.29 
.31 
.50 
.50 
,38 
.49 
.42 



Train 

movement 

(millions 

of 
ton-miles). 



6,600 
3,266 

8,183 

10, 914 

5,650 



5,707 
6,200 
5,093 
4,400 
22,545 
10,900 
3,380 



92, 838 



Saving in 

wages under 

electric 

operation 
(25 per cent). 



$660,000 
343,000 

1, 130, 000 
738,000 
495,000 



415,000 
481,000 
635,000 
550,000 
2, 140, 000 
1, 330, 000 
355,000 



9, 272, 000 



Switdier service. 



Wages per 

swftoher- 

mlle. 



10.60 
.45 
.69 



.58 
.57 
.57 
.61 
.68 



Train 
mov^nent 
(thousands 
of switcher- 

miles). 



4,900 
5,086 
1,143 



3,200 
3,480 
3,000 
14,024 
7,763 



42, 596 



Saving in 

wagjBs under 

deetric 

operation 
(33 per cent). 



$980,000 
760,000 
265,000 



620,000 

660,000 

570,000 

2,850,000 

1, 760, 000 



8,465,000 



Average wage saving per thousand ton-miles, 10 cents; per switcher-mile, 20 cents. 

CONSTBUCnON COSTS. 

Form D gives the cost of electric equipment necessary to make the savings shown on 

FormC. 

Fonn D. 

Cost ofeaJterwry system and electric equipment^ M. A N, system^ R» division. 



(1) Catenary system: 

a) Single track. 
6) D< ■ " 



(2) 

(3) 
(4) 



Double track 

M Three-track 

[ a) Four-track 

[e) Yards and sidings 

Total 



Substations kilowatts. 

Locomotives: 

fa) Freight 



1 6) Passenger. 
le) Switcher.. 



(5) 

(6) 

(7) 
(8) 

W 



Total. 



Sum of specified items 

Allowance for unspecified items, 10 per cent of (6) 
Overhead, 20 per cent of (6) 

Total gross cost 



(10) Credit for released steam locomotives 

(11) Net cost 



Miles. 



Cost. 



175 

68 

9 

42 

221 



$2, 013, 000 

1, 700, 000 

291,000 

1,625,000 

1, 658, 000 



Capacity. 
82,100 

Number. 
43 
55 
41 



139 



Total Hmnage. 
30,300 



$7, 287, 000 
4, 926, 000 



3,440,000 
4, 576, 000 
2, 657, 000 



10, 673, OOP 

22, 886, 000 
2,288,600 
4, 577, 200 

29, 751, 800 

g 6, 060, 000 
23, 691, 800 



a Present value. 
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0O8T OF CATBKABY SYSTEM. 

The estimates of cost of the overhead structure assume the use of cross-catenary construc- 
tion, with guyed tubular steel poles, main and secondary steel-strand messengers, two 4/0 
copper contact wires, concrete foundations for all poles, and high-strength steel strand. Rails 
to be single-bonded with 300,000 circular mil bond; a 4/0 copper ground wire to be carried on 
the pole top. Poles all to carry tops and two cross arms, each with two pins. 

The estimates oi cost for this structure, based on prices in 1919, are derived from detailed 
estimates submitted by the General Electric Co., the Westinghouse Electric & Manufacturing 
Co., and the Ohio Brass Co. These estimates were for single, two, three, and four track line; 
for tangent, 2**, 4**, 6**, and 8° curvature; for yard track; and for branch lines. The estimates 
of the Ohio Brass Co. in particular give the quantities and prices of all items in complete detail. 

These estimates have been carefully analyzed and checked up by comparison with the 
estimates of the Chicago Smoke Abatement Commission's report; they have also been submitted 
for criticism to engineers particularly versed in work of this class. 

The estimates show good general agreement. Those of the Westinghouse Co. were slightly 
lower than those of the General Electric Co. ; those of the Ohio Brass Co. were the highest. 
The costs given in the Chicago report, extended to the prices in 1919, are about the same as 
those of the General Electric Co. 

The final costs determined for the 3,000-volt system are given in Table 20, which includes 
all costs of labor and material for the circuit outside of the substation for an average assumed 
alinement. The cost of the feeders is shown separately, the figures being taken from Table 
24 below. Table 21 gives unit prices and quantities. 

Table 20. — Estimated cost of cross-catenary construction, with guyed steel poles, for SyOOO-volt direct-current system. 

Per mOe of ro«d. 



Number of tracks. 



One... 
Two.. 
Three. 
Four.. 
Five.. 



Sice of feeder 
(circular mils). 



500,000 
1,000,000 
1, 250, 000 
1,500,000 
1,500,000 



Catenary 
structure. 



|9,d00 
20,900 
27,000 
32,500 
38,000 



Cost. 



Feeder. 



$2,200 
4,100 
5,300 
6,200 
6,200 



Total. 



$11,500 
25,000 
32,300 
38,700 
44,200 



Per track mfle. 



Yard tracks. 



$7,500 



$7,500 



Table 21. — Quantities and unit prices for double-track 3,000-voU direct-current cross-catenary tangent, 300-foot span. 



Item. 



Steel poles, guys, etc 

Concrete 

Excavation 

Contact wires 

Cross span, complete 

Messenger span, complete 

Work train, crew expenses 

Labor for erection (except bond). 

Bonds, labor and material 

Steel strand, f-inch 

Steel strand, f-inch 

Labor: 

Foremen 

Linemen 

Helpers 



Unit prices. 



7 cents per pound. . 

$20 per yard 

$2 per yard 

23 cents per pound 

$71 per span 

$55 per span 



8 cents per foot. 
3 cents per foot. 



$8.00 per day. 
$6.00 per day. 
$4.50 per day. 



Per mile of line. 



Quantity. 



30 tons 

130yaids 

500 yards 

13, 500 pounds. 

17.6sp£ns 

35.2 spans 



Cost. 



$4,200 
2,600 
1,000 
3,110 
1,250 
1,940 
600 
2,400 
1,400 
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The figures given in these tables are probably high, for when construction of this magni- 
tude is undertaken all materials will be furnished at wholesale prices and the work will be 
systematized as a largenscale job. Moreover, there is no doubt that a simpler design can be 
made, which will save weight and cost through the use of higher^grade materials for certain 
parts of the structure. 

COST OF 8XTBSTATION8. 

It being impracticable to lay out load curves for the several operating divisions, the sub- 
station capacity necessary (see item 3, Form D) has been based on an analysis of existing in- 
stallations. The ''capacity factor " — that is, the ratio of average annual output to total equip- 
ment capacity in present railroad substations — is used as the basis for determining the capa- 
city of the proposed railroad substations within the zone. 

Table 22, compiled from data of nearly all the electrified heavy-traction roads, shows that 
for a total use of 486,000,000 kilowatt-hours per year on eight roads there is a total substation 
capacity of 248,500 kilowatts, giving a ratio of average load to rated capacity of 22 per cent. 
For all the roads except the Long Island this ratio is singularly uniform, being within the 
limits of 21 to 26 per c^t. 

Table 22. — Average enargy output of heavy'traction dubstations per kilowatt of capacity. 



System. 



New York Central 

Long ledand 

New Haven 

West Jersey d; Seaahore 

Pennsylvania (Philadelphia-Paoli line) 
Chicago, Milwaukee & &i. Paul: 

fU>cky Mountain division 

Missoula division 

Pennsylvania Terminal 



Output 
(mJUions 

of 
kaowatt- 

boors). 



97 
76 
85 
24 
24 

66 
60 
54 



486 



Total 
sub- 
station 
capacity 
(kilowatts). 



45,000 
56,000 
40,000 
12,000 
• 12,000 

29,000 
30,500 
24,000 



KUowatt- 
hoursper 
kilowatt 

of 
capacity. 



2,150 
1,360 
2,130 
2,000 
2,000 

2,270 
1,970 
2,250 



248, 500 Av. 1, 960 



Plant capacity factor, 22 per cent. 

Some of these roads have a lower traffic density than those of the superpower zone, par- 
ticularly than those in the vicinity of the large cities, where yard service is heavy. To make 
some allowance for this condition a ratio of 25 per cent is taken as applying to the entire zone. 
The total substation capacity for any division is then obtained by dividing the estimated kilo- 
watt-hours required for the service by 2,200. Peak loads will be taken care of by the overload 
capacity of 50 per cent for two hours and 200 per cent for five minutes. 

The load factor of the individual substations will range from 15 to 60 per cent; neverthe- 
less, owing to the variation of traffic throughout the year and the diversity between the various 
substation loads, the capacity should be based on a factor of 25 per cent. 

A consideration of the power required for maximum trains and feeder capacity for the 
3,000-volt direct-current system indicates an average spacing of substations of about 20 miles. 
This distance will vary for the different divisions, but this factor does not influence the esti- 
mates of cost for the substation, as they are based on a unit price. 

The items that make up the unit price used in the estimate are given in Table 23. This 
price is based on laige substations, having from three to ten motor-generator sets of 2,500 
kilowatts or greater. The figures are derived from estimates submitted by the General Electric 
Co. and the Westinghouse Co. 

Table 23. — Estimated cost per kihvmtt ofS^OOO^oU diredrcwrrent substation. 

Motor-generator sets, including exciters $30 

Transformers (110-lrilovolt) 8 

Switchboards (two 110-kilovolt incoming lines) 10 

Buildinfir 8 



Iding 

Freight and installation. 
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COST OF 3,000-VOLT DIBBCT-CUBBENT FEBDEBS. 

The size of the direct-current feeders is based on a maximum pressure drop of 20 per cent, 
equal to 600 volts, for a train requiring 4,800 kilowatts halfway between substations, drawing 
1,000 amperes from each substation. The following assumptions are made: Running rails, 100 
pounds, with 300,000 circular mil bonds; resistance per mile of track, 0.03 ohm; two 4/0 
copper trolley wires. 

These data give the basis for the following table, which shows the feeder capacity required 
under average conditions and the cost per mile for the feeders erected. 

Table 24. — Capacity and coat of feeders. 



Single-track. 
Two-track . . 
Three-track. 
Four-track.. 



Capacity 
(circular nuls). 



500,000 
1,000,000 
1, 260, 000 
1,500,000 



Cost per 
mile. 



$2,200 
4,100 
5,300 
6,200 



COST OF EI^BCTBIC LOCOMOTIVES. 

Item 4, Form D, gives the number and cost of electric locomotives required. The number 
called for is based on an annual mileage of 40,000 for freight, 75,000 for passenger, and 40,000 
for switcher locomotives. The cost of the electric locomotives is based on estimates made by 
the General Electric Co. and the Westinghouse Co. for freight, passenger, and switcher service 
in 1919. These estimates are stated in cost per pound for the three classes; they are substan- 
tially the same for both companies for locomotives of the same kind. The unit costs used are 
40 cents per pound of total weight for freight locomotives and switchers and 45 cents for pas- 
senger locomotives, equivalent to $800 per ton on drivers for freight locomotives and switchers 
and $1,300 per ton on drivers for passenger locomotives. The total weight on drivers of the 
electric locomotives is the product of their number by the average weight on drivers of the 
steam locomotives on the division. 

NUHBEBr OF ELBCTBIC LOCOMOTIVES BEQUIBED. 

The electric service covered by the estimates is the power equivalent of the present steam 
service in the zone. The year 1919 is taken for comparison, as it is the latest complete calendar 
year before the beginning of this investigation. The number of electric locomotives required 
for the service should in the final analysis be determined by a study of train movements on each 
division. This study was impracticable in the present investigation, and therefore a shorter 
method had to be used. The plan followed was to determine the average number of miles per 
year per electric locomotive required for freight, passenger, and switcher service. This 
average mileage was determined by comparing the mileage records of the electric locomotives 
in certain operating electric systems in the United States with the mileage records of the steam 
locomotives in the zone. To show why the electric locomotive gives the greater mileage, a dis- 
tribution of locomotive-hours for electric service was deduced from that of the present steam 
service by modifying it to accord with the proved fact of the greater availability of the electric 
locomotive. This procedure fixed the same number of miles per year in each class of service for 
the entire zone; conditions of unified operation are thus implied. This leads to some irregu- 
larities in the proportional number of steam and electric locomotives on certain of the smaller 
roads, but the figures are intended as averages, not to apply exactly to each operating division. 
These smaller roads will represent less than 10 per cent of the trafl[ic. 

The assignment of the same locomotive mileage to the single-track roads with low traffic 
density as to the divisions having denser traffic is not strictly correct; the great variation in 
annual mileage of the steam locomotives of these divisions reflects the differences in traffic con- 
ditions. In order to make some allowance for the light-traffic divisions the minimum number 
of electric locomotives for each division is fixed at 50 per cent of the corresponding number of 
steam locomotives, even if the number based on mileage is less than 50 per cent. 
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Table 25 gives the steam mileage for 1919 of the freight and passenger service on the prin- 
cipal systems. Table 26 gives the available statistics on annual mileage of electric locomotives; 
the average for freight service is approximately 40,000 miles. . The only extensive system that 
keeps records separately for passenger service is the New Haven, with a mileage of 73,000; this 
mileage can be increased with complete electric operation. The New York Central and the 
Pennsylvania Tunnel & Terminal are operating a short-haul service which gives no opportunity 
to make great mileage. 

Table 25. — Average steam-locomotive mileage of principal systems in superpower zone^ 1919, 

[Based on total number of locomotives owned.] 



System. 

New Haven 

New York Central 

Ddaware & Hudson 

L^igh A Hudson River 

Ekie 

Delaware, Lackawanna & Western 

Lehigh Valley 

Central of New Jersey 

Pennsvl vania, eastern lines 

Philadelphia & Reading 

Baltimore A Ohio 

Average 



Freight. 


Passenger. 


16,200 


30,500 


17,300 


34,500 


20,600 


30,500 


13,400 


24,100 


18,900 


30,000 


22,800 


39,000 


14,700 


30,500 


16,600 


26,200 


19,900 


42,500 


21,800 


33,500 


16,600 


38,000 



18,000 



32,700 



Table 26. — Average annital mileage of electric locomotives. 
[Based on total number of locomotives owned.) 



System. 



New Haven 

New York Central 

Pennsylvania (New York Terminal), 

Norfolk & Western 

Butte, Anaconda & Pacific 

Chicago, Milwaukee & St. Paul 



Freight. 



33,600 



49,000 
43,500 



Passenger. 



73,000 
34,500 
39,300 



All. 



55,000 
34,600 
39,300 
49,000 
43,600 
49,000 



LOCOMOnVE-HOUBS. 

Records of the distribution of locomotive-hours for a number of the roads within the 
superpower zone are available, particularly those of the Pennsylvania, of which eight operating 
divisions are included within the zone; they reflect the entire range of service, from the heaviest 
traffic on the New York division to tjie light traffic of the West Jersey & Seashore and Sunbury 
divisions. The Pennsylvania is taken as an example of the best average operating results. 

The statistics of the operation^ of the Pennsylvania system for 1919 within the superpower 
zone are given in Table 27, which sets forth the proportion of the time of all serviceable loco- 
motives and of all assigned locomotives, in accordance with the schedule of time specified by 
the United^ States Railroad Administration in its ''Operating statistics sheets." Item 1 of 
the table includes items 1 and 2 of the operating statistics sheets and represents the total time 
that locomotives are in ''hands of crew," i^icluding time between termini, time waiting at 
termini, and time to and from engine house. From 90 to 95 per cent of this is productive 
time — that is, time between termini. Item 2a represents time required for cleaning fires, 
washing boilers, ash-pit work, inspection, running repairs, etc. Item 2b represents time spent 
in waiting at engine house for call to service after maintenance forces have delivered locomotive 
to transportation forces. All this is wasted time. Item. 3 gives the total time in the engine 
house, the sum of 2a and 2b. Item 4 ("stored hours ") represents surplus equipment for which 
there is no call. Item 5 shows the total serviceable hours taken both as 100 per cent and as a 
percentage of total assigned locomotive hours. The differences between 100 per cent and 71, 
69, and 80 per cent give for the three services respectively the proportion of total time in the 
shops under general repairs or awaiting such repairs. 
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Table 27. — Average distribution of locomotive-hours in 1919 on all divinons of the Penntylvania system tvithin the super- 
power zone, in per cent. 



1 

Item. 


Serviceable loeomotive-hoon. 


Total locomotive-hoiirs. 


Freight. 


Passenger. 


Switcher. 


Freight. 




8wltch<^r. 


1. Crew-hours 


47 

31 
17 


39 

37 
22 

59 
2 


61 

18 
18 

36 
3 


33 

22 
12 


27 

26 
15 

41 
1 


49 


2. Engine house: 

(<i) Mechanicftl department 


14 


lb) Transportation department 


15 






3. Total emnne-house time (2a4-2b) 


48 
5 


34 

4 


29 


4. Stored hours 


2 






6. Total serviceable hours 


100 


100 


100 


71 


69 


80 







The average utilization of the locomotives in the zone as a whole is not as good as on the 
Pennsylvania. Table 28 gives the I'atio of '* crew-hours" to total serviceable hours (item 1 of 
Table 27) for eight of the systems within the zone, with the total number of assigned 
locomotives. For the weighted average of all these systems the ratio of crew-hours to total 
serviceable hours is 37, 30, and 50 per cent for freight, passenger, and switcher locomotives^ 
respectively, as compared with 47, 39, and 61 per cent for the Pennsylvania. 

Table 28. — Average distritmtion of locomotive-hours of representative railroads within the superpou^ zoney 1919, 



System. 



Pennsvlvania 

Philadelphia & Reading 

Central of New Jersey 

Delaware, Lackawanna & Western. 

Erie 

New York Central 

Lehigh Valley 

Delaware & Hudson 



Total or weighted average 

Equivalent number of crew-hours per year. 



Total 
namberof 
locomo- 
tives. 



1,800 

1,000 

600 

750 

1,450 

3,500 

1,000 

500 



10,600 



Ratio of crew-hoars to total 
serviceable hoars (per cent). 



Freight. 



47 
49 
39 
39 
32 
33 
27 
33 



37 
3,250 



Passenger. 



39 
34 
40 
28 
25 
29 
25 
24 



Switcher. 



61 
52 
54 
51 
43 
53 
38 
49 



30 
2,630 



50 
4,380 



A direct comparison of time is afforded by the New Haven system. Table 29 sets forth 
the figm'es for both steam and electric operation on that system for five months of 1919. 

Table 29. — Ratio of crew-hours to total serviceable hours under steam and electric operation of the New Haven system, 1919, 



Month. 


Freight. 


Passenger. 


Switcher. 


Electric. 


Steam. 


Electric. 


Steam. 


Electric. 


Steam. 


March 


43 
50 
63 
62 
49 


27 
26 
40 
39 
39 


45 
45 
47 
50 
42 


29 

28 
29 

28 

27 


67 
68 
81 
81 

87 


48 


Aoril 


47 


SeDtemb^ 


54 


October 


56 


November 


53 


A verac^ ■, 


54 


34 


46 


28 


^77 


52 


** » ^^••^o^ ......•...••••.••...•••••••••••••»»•---- 





Ratio of number of serviceable electric locomotives required|to do the same work: 
Freight, 34-^^=63 per cent. 
Passenger, 28-»-46=61 per cent. 
Switcher, 52-*-77=68 per cent. 

What can be done with motive power in proportion to the service required is shown in 
Table 30, which gives the distribution of serviceable locomotive-hours on the Norfolk & Western. 
Here the locomotives are in road service 74 per cent of the total time and the crew-hours are 
76 per cent. This is to be compared with 33 per cent as the average for freight service on the 
Pennsylvania and 28 per cent for all the roads in the zone — that is, one electric locomotive in 
the Norfolk & Western freight service does as much work as is done in the rest of the zone by 
2.65 steam locomotives. 
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Table 30. — Diainbution ofeUetne locoTnotive-hawra in freight service on Norfolk <JCr Western Railway y in per cent. 

In road service 74. 

Tenninal delay in hands of crew 2. 3 

Engine house: 

Inspection and repaiis (motive-power department) 14. 8 

Waiting (transportation department) 8. 9 

23.7 

Total serviceable hours • 100 

Recapitulation by departments: 

Transportation 85. 2 

Motive power 14. 8 

From Table 27 the figures in Table 31 are deduced, showing the estimated average distribution 
of locomotive-hours of electric locomotives. In this table the crew-hours for freight service are 
taken at 77 per cent of the corresponding figure for steam service of the Pennsylvania. This 
assumes that on the average an electric locomotive will yield 30 per cent more trailing ton-miles 
per crew-hour than the average steam locomotive — an assumption based on data of operation 
of several electric roads. This result is attained partly by higher speed and heavier trains, or 
both; in minor part by the elimination of the loaded tender and nondriver weight of the steam 
locomotives; and lai^ely by standardization of locomotive types and pooling of locomotives. 

In passenger service the electric crew-hour is taken as 11 per cent more productive than 
the steam; this result will be attained in great measure by the widespread use of multiple-unit 
cars for the short runs in the extensive suburban service of the zone and by better-sustained 
average speed for other passenger trains. The average speed of passenger trains on the Penn- 
sylvania system is only 17.5 miles per crew-hour; a uniform increase of 11 per cent would mean 
an average of less than 20 miles per hour, a speed that is now exceeded by a number of steam 
divisions. For switcher service the electric crew-hour is taken at 1.50 times as productive as 
the steam. The service on the New Haven line and the General Electric Co.'s tests at Erie 
and Schenectady give higher ratios. 

Item 2a, Table 31, showing time in engine house for repairs, etc., is taken at about one- 
third of the steam time. For item 2b, time awaiting call, the ratio to crew-hours is taken at 
approximately the same as in steam service. This estimate is moderate or perhaps low, for 
with half as many locomotives in service the waits must necessarily be shorter, and moreover 
the use of classes of uniform locomotives will save much of this delay. The ratio of serviceable 
to total electric locomotive-hours is pretty well established at about 90 per cent. With these 
assumptions, all of which tend to minimize the savings of unified electric operation, the Penn- 
sylvania system could be operated electrically in 61, 66, and 54 per cent of the serviceable 
hours, or 48.5, 51, and 48 per cent of the total hours now required for the steam operation of 
the freight, passenger, and switcher services, respectively. 

Table 31. — Estimated distribviion of electric locomotive-hours, in percentages of time required for steam operation of the 

Pennsylvania system. 



■ 

Item. 


Freight. 


Passenger. 


Switcher. 


Steam. 


Electric. 


Steam. 


Electric. 


Steam. 


Electric. 


• 

Crew-hours 


47 

31 
17 

48 
5 


3d 

10 
13 

23 
2 


39 

37 
22 

59 
2 


35 

12 
18 

30 

1 


61 

18 
18 

36 
3 


41 


Engine house: 

a. Mechanical deDartment .* , . , . 


6 


h. Transnortation^ ,.,..,,,,,,, ,, , 


12 


TotAl ftiiffinft houflft ^2a-l-2b) --,-.^ ,.--- 


18 


Stored 


1 






Total serviceable hours 


100 

71 

141 


61 
90 
68 


100 

69 

144 


66 
90 
74 


100 

80 

125 


60 


Ratio of serviceable to total hours 


90 


Total hours of assismed locomotives » 


67 







Relative number of electric locomotives required : 
Freight, 68-1-141 =48. 5 per cent. 
Passenger, 74-i- 144=51.0 per cent. 
Switcher, 67-f-125=53.5 per cent. 
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Table 32, taken from Table 31, sums up the estimated schedule for electric operation. The 
crew-hours amount to 59, 53, and 76 per cent of the serviceable hours. These figures are low, 
in the opinion of several electric operating men, who claim that crew-hours should be taken 
at 70 per cent of total hours, equivalent to 78 per cent of serviceable hours. 

Table 32. — Distribution of electric locomotive hours. 



Item. 



Crew-hours 

Engine house: 

(a) Mechanical department 

(o) Transportation department 

Total engine house i 

Stored 

Total serviceable hours 



Freigfat. 


Passenger. 


59 


53 


17 
21 


18 
27 


38 
3 


45 
2 


100 


100 



Switchor. 



11 
11 



76 



22 
2 



100 



From a direct comparison of the mileage of Tables 25 and 26 and the above analysis of 
locomotive-hours the annual mileage of electric locomotives is taken at 40,000 for freight 
locomotives, 75,000 for passenger locomotives, and 40,000 for switchers. 

TOTAL COST. 

Item 5 of Form D, the sum of items 2, 3, and 4, gives the total estimated cost of the specified 
items and accounts for 90 to 95 per cent of the total cost of the work. Table 33, giving the 
itemized costs of the Chicago terminal electrification, shows that the other items amount to 
less than 8 pw cent. These unspecified items are principally changes in signal system, provi- 
sion against electrolysis, and certain minor items. Item 7 of Form D is an allowance of 10 
per cent for these unspecified costs. 

Table 33. — Ck)st of items of construction and equipment involved in the electrification of Chicago terminals, exclusive qf 

power station and transmission system. 



Item* 



SubfltatiojM 

Switching stations 

Overheadf contact system 

Bridge waniingB 

Return circuit 

Prevention of inductive effects and electrolysis 

Telephone system 

Electric locomotives, multiple-unit equipment, work and inspection 

equipment 

Spare parts .*. 

Changes in overhead structures 

Changes in wire lines 

Changes in signal system 



Summary: 

Specified items. . . 
Unspecified items. 



2,40(>-volt direct-currexit. 



Total. 



$5,660,000 
1, 622, 000 

33, 895, 000 
1, 072, 000 
6, 070, 000 



272,000 

84,004,000 

503,000 

834,000 

2, 028, 000 

6, 694, 000 



Per cent. 



142, 554, 000 



4.0 

1.1 

23.8 



4.3 



59.0 



100.0 



92.2 
7.8 

100.0 



ItfOOO-volt alternating-cur- 
rent. 



Total. 



$2, 025, 000 

573,000 

28, 142, 000 

1, 072, 000 

4,446,000 

997,000 

272,000 

91, 704, 000 

485,000 

834,000 

2, 028, 000 

6,111,000 



138, 689, 000 



Per cent. 



1.5 

.4 

20.3 



3.2 



66.0 



100.0 



91.4 
8.6 

100.0 
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BNaniBBBrma, OONnNGENCIBS, AND INTBBB8T. 

Item 8 of Form D covers overhead allowance of 20 per cent for engineering, contingencies^ 
and interest. This construction will be essentially work of duplication; the units will be 
identical both for substation equipment and for locomotives. The estimate assumes not 
special production but quantity production, which will reduce the percentage required for 
engineering and for contingencies. Similarly, the allowance for interest should not be as 
great as for construction work undertaken by a single company, as the work would be done 
on the general credit of the combined railroad systems; money will be obtained as needed, 
and the construction period, during which interest must be carried, will be minimized; in fact, 
much of the cost represents equipment, payments for which can fairly be assumed to be made 
toward the end of the period of construction. 

BELBASBD LOCOMOTIVES. 

Item 9 of Form D gives the total gross cost of electrification, which is reduced by the 
credit for released steam locomotives, given by item 10. This credit is based on the assumption 
that all steam locomotives released within the superpower zone can be used. Electrification 
will be progressive, and it is a reasonable assumption that locomotives as released from one 
division will be transferred either to another division or to another road. The amoimt of 
the credit is determined by assuming that the average condition of the locomotives is 50 per 
cent new, probably an imderestimate in view of the fact that much of the equipment has been 
bought within the last ten years. The value of a new locomotive in 1919 is taken at 18 cents 
per pound of total weight, and the salvage value at 2 cents per pound. These figures are based 
on the elaborate estimates of the equipment committee of the President's Conference Com- 
mittee of Steam Railroad Companies, whose reports embody the fullest examination yet made 
of the value and cost of steam locomotives and of their reproduction cost. From these 
assumptions is obtained a net value of 10 cents per pound of total weight as the amount to be 
credited. The average ratio of total weight to weight on drivers is found to be 1.5 for freight, 
passenger, and switcher locomotives, in the proportions that now prevail in the zone; this 
fixes the value per pound on drivers of the released steam locomotives at 15 cents. 

Deduction of item 10 gives the net cost of electrification; the percentage that the saving 

from electric operation bears to this total cost determines whether any division is susceptible 

of economical electrification. 

CONCLUSIONS. 

The study described above has been made for all the class 1 railroad systems within the 
superpower zone except the Ulster & Delaware, the New York, Ontario & Western, and the 
Western Maryland. The first two were omitted, after a preliminary examination, because their 
traffic was too light to warrant electrification. The Western Maryland was omitted because 
only a small part of its trackage is witiiin the zone; the preliminary examination, however, 
indicates that th^ Western Maryland traffic would justify electrification. There remained, 
then, 13 railroad systems ^ in the zone that were studied in accordance with Forms C and D 
(pp. 59, 67). In this study it was not possible to adhere strictly to the limits of every operating 
division reported by the railroads, and some divisions were therefore consolidated into routes. 
The number of divisions or routes ranged from one on the Boston & Maine to nine on the 
Pennsylvania and aggregated 40 for the 13 roads. 

The results of the study are given in figures 1 4 and 1 5, which show for each of the 40 divisions 
the annual saving, in percentage of the net cost of electrification, plotted against the energy 
required, in kilowatt-hours per year, togetherwith the accumulated average percentage of saving 
for the divisions as grouped. Figure 14 shows the saving exclusive of the saving in crew wages, 
and the divisions are arranged in the order of percentages. With these results as the criterion 
of economical electrification the '^selected divisions" are assumed to be all that show a saving 

^ The Boston & Alljany was iDdaded with the New York Central, and the Long laknd with the PenD«ytvaiiia. 
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of 9 per cent or more. The group of divisions thus selected shows an average saving of 11.4 
per cent. It includes 30 of the 40 divisions examined, comprised in 11 of the 13 systems shown 
in Plate VI. Figure 15 shows the saving including the wage saving for the 40 divisions 
arranged in the same order as in figure 14. For the ''selected divisions" these savings range 
from 10.6 to 19 per cent and average 14.2 per cent. The total energy required annually for 
these 30 divisions will be 4,400 million kilowatt-hours, and the maximum demand approxi- 
mately 850,000 kilowatts. 




1.5 2.0 2.5 3.0 3.5 

BILLIONS OF KILOWATT-HOURS 

FiGUBE 14.— Saving effected by dectriflcation of heavy-traction raflroads, in percentage' of construction cost, not Including saving in Wages. Each 
column represents a railroad division or route. 1, New York and New Jersey division, Erie; 2, Northern division, Erie; 8, Greenwood Lake 
division, Erie; 4, Jefferson division, Erie; 5, Schuylkill division, Pennsylvania; 6, Springfield division, N. Y., N. H. <Sr H.; 7, Maybrook division, 
N. Y., N. H. & H.' 8, Philadelphia division, P. &"R.', 9, New York, Susquehanna, and Western' division, Erie; 10, Cumberland Valley division, 
Pennsylvania; 11, Atlantic City division, P. Si R.; 12, Wilmington and Coli^nbia division, P. & B.; 13, Simbury division, Pennsylvania; 14, 
New Jersey and Seashore division, Pennsylvania; 15, Lehigh & Hudson River R. R. Other divisions are indicated on the diagram. 

The low percentage of saving shown by the divisions not included in the selected group, 
except those of the New York Central, is due to light traffic. On the New York Central the 
train cost of transportation, the cost of maintaining steam locomotives, and the cost of coal per 
mile are lower than on any other system, owing in part to the fact- that this is a water-level road 
with a large amount of through traffic; these are favorable conditions for economical steam 
operation and therefore afford less opportimity for saving by electrification* 

The importance of the 30 selected divisions as compared with all the divisions of class 1 
railroads within the zone is shown in Table 34. 
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Table 34. — Data for all divisions and selected divisions of class 1 railroads in the superpower zone. 



Length of road miles.. 

Length of main track • .do 

Length of yard track do. . . . 

Lei^th of all track do 

Freight service millions of ton-miles. . 

Passenger service 1 thousands of train-miles. . 

Switcher service thousands of locomotive-miles . . 

All locomotives thousands of miles . . 

Goal used on locomotives tons. . 



AU divisions. 


Selected divisions. 


Qiiantitj. 


Per cent. 


13, 396 


6,395 


48 


21, 021 


11,296 


53 


12, 233 


7,831 


64 


33,254 


19,127 


58 


95,629 


71,460 


75 


88, 026 


52,864 


60 


56, 536 


41, 572 


74 


9,521 


6,542 
13, 313, 000 


69 


18, 405, 000 


72 



20 




\,S 2.0 2.5 3.0 3.5 A.O 

BILLIONS OF KILOWATT-HOURS 

ItGTTRE 15.— Saving effected by electrification of heavy-traction railroads, in percentage of oonstniction cost, tndadlng saving in wages. Each 

column represents a railroad division or route. For explanation of numbers see figure 14. 

Table 35 summarizes for the 11 systems that include the 30 selected divisions the net 
estimated cost of construction and electric equipment and the net savings from operation, both 
mcluding and excluding saving in wages. The net cost of electrification of all the selected 
divisions is $570,000,000, and the annual net saving in operation, including the saving in wages, 
is $81,000,000, equal to an average of 14.2 per cent for the entire group, ranging from 10.6 per 
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cent for the New York, Susquehanna, and Western division of the Erie to 19 per cent for the 
New Haven-Boston route of the New Haven. 



Table 36. — Summary of electric operation on selected divisions. 



System and division. 



Boston & Maine....' 

Boston & Albany: 

Boston •. 

New York, New Haven & Hartford and Central New 
England: 

Boston 

Springfield 

Maybrook 

Delaware & Hudson: 

Susquehanna 

Pennsylvania 

Erie: 

New York (main) 

Greenwood Lake 

Northern 

New York and New Jersey 

Delaware and Wyoming 

Jefferson 

New York, Susquehanna, and Western 

Delaware, Lackawanna & Western 

Lehigh Valley 

Central of New Jeraey 

Pennsylvania: 

New York 

Trenton 

Philadelphia 

Schuylkfll 

Maryland 

Baltimore 

Philadelphia & Reading: 

New York 

Philadelphia 

Reading 

Shamokin 

Harrisburg 

Baltimore & Ohio: 

Philadelphia 

Baltimore 

Grand total 



Net cost of 
construction. 



Net reduction In annual cost of operation. 



Including crew wages. 



Amount. 



$28, 862, 500 
18, 237, 700 



20, 300, 500 

5, 279, 300 

10, 812, 100 



36, 391, 900 



17, 885, 700 
12, 719, 900 



30, 605, 600 



19, 597, 100 
3, 268, 600 
1, 891, 000 
1,856,400 

16, 295, 700 
2, 987, 900 
7, 372, 300 



53, 269, 000 



50, 780, 700 
45, 884, 800 
31, 997, 800 



46, 494, 100 
14, 734, 300 
45, 597, 800 
6, 097, 500 
23, 691, 800 
23, 673, 900 



$4, 431, 200 
2, 071, 200 



3. 852, 500 

700,000 

1, 465, 200 



6, 017, 700 



2, 223, 300 
1,600,500 



3, 823, 800 



3,655,600 
466,060 
285,000 
304, 675 

1, 926, 200 
441,300 
784,900 



7, 863, 735 



6,654,500 
6, 310, 700 
4, 711, 300 



6,207,300 
1, 780, 300 
5,562,400 
883,400 
3, 201, 200 
3, 953, 300 



160, 289, 400 



16, 913, 100 
7,682,000 
29, 540, 200 
15, 961, 900 
15, 151, 500 



85, 268, 700 



18, 821, 100 
9, 675, 800 



28, 496, 900 



570, 085, 000 



21, 587, 900 



2,407,500 
1,299,800 
3, 640, 100 
2, 734, 700 
2, 194, 400 



Excluding crew wages. 



Percentage 

of cost of 

construe* 

tion. 



15.35 
11.36 



18.98 
13.26 
13.55 



16.54 



12.43 
12.58 



12.49 



18.65 
14.26 
15.07 
16.42 
11.82 
14.77 
10.65 



14.76 



13.10 
13.75 
14.72 



13.35 
12.08 
12.20 
14.49 
13.51 
16.70 



13.47 



12, 276, 500 



3, 579, 000 
1,553,400 



5, 132, 400 



80,880,935 



14.23 
16.92 
12.32 
17.11 
14.48 



14.40 



Amount. 



13, 411, 200 
1, 672, 700 



3,235,000 

627,000 

1, 165, 200 



5, 027, 200 



1, 742, 700 
1, 287, 500 



3, 030, 200 



3, 119, 100 
459,800 
284,000 
303,800 

1, 582, 500 
400,400 
682,200 



6, 831, 800 



5,394,500 
5,-105, 200 
3, 651, 300 



4, 677, 700 
1, 425, 300 
4,074,000 
790,300 
2, 627, 100 
3, 364, 900 



16, 959, 300 



2, 118, 800 
814.800 
2, 756, 100 
2, 322, 700 
1,690,400 



19.01 
16.05 



18.01 



14.19 



9, 702, 800 



Percentage 

of cost 0! 

oonstruo- 

tlon. 



11.82 
9.17 



2, 979, 700 
1, 299, 400 



4, 279, 100 



65,065,300 



15.93 
11.88 
10.78 



13.81 



9.75 
10.10 



9.90 



15.92 
14.07 
15.02 
16.37 

9.72 
13.40 

9.25 

12.82 



10.62 
11.13 
11.41 



10.06 
9.67 
8.93 
12.96 
11.09 
14.21 



10.58 



12.53 
10.61 
9.33 
14.53 
11.16 



11.38 



13.43 
15.83 



15.02 



n.4i 
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The data of roadbed, equipment, and operation, both for steam and for electricity, of the 
selected divisions are summarized in Tables 36 to 42. 

Table 36. — Track mileage of selected diwums. 



Systom. 



Boston & Maine 

Boston & Albany 

New York, New Haven A Hartford 

DjBlaware A Hudson 

Erie 

Delaware, Lackawanna & Western. 

Lehigji Valley 

Central of New Jersey 

Pennsylvania 

Fhiladelphia A Reading 

Baltimore & Ohio 



Road. 



278 
201 
329 
377 
715 
551 
544 
315 
1,503 
1,231 
351 



6,395 



Main. 



504 

368 

720 

666 

1,146 

1,030 

985 

597 

2,733 

1,927 

620 



11, 296 



Yard. 



295 
228 
495 
337 
725 
682 
751 
658 
2,107 
1,246 
307 



7,831 



Total. 



799 
596 
1,215 
1,003 
1,871 
1,712 
1,736 
1,255 
4,840 
3,173 
927 



19, 127 



Table 37. — Data of steam operation on selected divisions. 



Sjstem. 



Boston & Maine 

Boston A Albany. 

New York, New Haven & Hartford 

Delaware db Hudson 

Erie 

Delaware, Lackawanna tk Western , 

Lehigh Valley 

Centnd of New Jersey 

Pennsvlvania 

FhUadelphia & Reading 

Baltimore A Ohio 

Total or weighted average . . 



Total. 



Looo- 
motlres. 



363 
192 
456 
314 
568 
570 
619 
535 
1,655 
960 
310 



6,542 



Traffic 

(thoiuands 

of loco- 

moUre- 

mllee). 



9,250 

5,550 
11, 295 

6,940 
11, 346 
13,900 
10,550 
10,000 
48,039 
22,353 

8,122 



156,345 



Goal 

(thoiuands 

of tons). 



630 

365 

825 

765 

1,093 

1,400 

1,103 

860 

3,433 

2,200 

640 



13, 313 



Per mile of road. 



LocD- 
motireB. 



1.31 

.95 

1.39 

.83 

.79 

1.03 

1.14 

1.70 

1.10 

.78 

.88 



1.023 



Traffic (locQniotiT&*inile8). 



Freigfat. 



16,730 
7,110 

12, 770 

12,900 
6,140 

11,250 
8,470 

12,700 
8,360 
7,380 
7,170 



9,150 



Passenger. 



5,750 

13,830 

13,900 

2,470 

6,510 

8,170 

4,520 

9,520 

14,750 

4,270 

8,620 



8,590 



System. 



Boston A Maine 

Boston A Albany 

New York, New Haven A Hartford 

Delaware A Hudson 

Erie 

Delaware, Lackawanna A Western. 

Lehigji Valley 

Central of New Jersey 

Pennsylvania 

Fhiladelphia A Reading 

Baltimore A Ohio 

Total or weighted average 



Per mile of road. 



Coal 
(tons). 



2,266 
1,816 
2,507 
2,030 
1,530 
2,540 
2,030 
2,730 
2,284 
1,790 
1,820 



2,082 



Gross 
tnlkht 
traffic 
(thousands 
of ton- 
miles). 



15,100 

6,490 

14,800 

15,000 

8,000 

11,300 

9,400 

14,600 

13,090 

9,500 

9,600 



11,320 



Per mile of all track. 



Loco- 
motives. 



0.455 
.322 
.375 
.313 
.303 
.332 
.356 
.426 
.342 
.302 
.334 



.342 



Total 
traffic 
(loco- 
motive- 
miles) .0 



Ckial 
(tons). 



11,580 
9,310 
9,300 
6,920 
6,060 
8,120 
6,080 
7,970 
9,920 
7,050 
8,760 



789 
612 
679 
762 
584 
818 
635 
685 
709 
693 
691 



Bum. 



22,480 
20,945 
26,680 
15,380 
12,650 
19,420 
13,000 
22,220 
23,110 
12,460 
15,800 



17,740 



Total.a 



33,270 
27, 610 
34,340 
18, 410 
15, 870 
25,230 
19,390 
31,750 
31,960 
18,160 
23,140 



24,450 



Road loco- 
motive- 
miles per 
mile of 

main track. 



12,400 

11,430 

12,190 

8,710 

7,890 

10,400 

7,180 

11,720 

10, 430 

7,960 

8,940 



Switcher 

loco- 
motive- 
miles per 
mile of 
yard track. 



10, 170 
5,880 
5,090 
3,390 
3,180 
4,690 
4,630 
4,560 
6,310 
5,630 
8,390 



8,170 



696 



10,040 



5,480 



< Includes switcher locomotive-miles. 
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Table 38. — DcUa ofeUetrie operation on selected divinone. 



Bystaii. 



Boston & Maine 

Boston & Albany 

New York, New Haven & 

Hartford 

Delaware A Hudson 

Erie 

Delaware, Lackawanna & 

Western 

Lehigh Valley 

Central of New Jersey 

Pennsvlvania 

Philadelphia & Reading. . 
Baltimore & Ohio 

Total or weighted 
average 



Total. 



Number 

oflooo- 

motlYW. 



212 
107 

233 
163 
313 

295 
236 
215 
959 

488 
172 



Substations. 



Capacity 
(thousands 

of 
kilowatts). 



3,393 



102 
59 

120 
125 
156 

197 
168 
130 
561 
289 
91 



1,998 



Enem 
required 
annually 
(milUons 

of 
kilowatt- 
hours). 



224 
129 

297 
276 
340 

433 
367 
289 
1,232 
635 
201 



4,423 



Per mile of road. 



Number 
of loco- 
motives. 



0.763 
.532 

.708 
.432 
.438 

.535 
.434 
.683 
.638 
.396 
.490 



.531 



Substations. 



Capacity 
(kUowatts). 



367 
294 

366 
333 
218 

358 
307 
414 
373 
235 
260 



312 



Energy 

required 

annuaUy 

(thousands 

of 

kilowatt* 

hours). 



806 
642 

903 
731 
475 

785 
674 
917 
820 
516 
571 



692 



P«r mile of all track. 



Number 
of loco- 
motives- 



0.265 
.180 

.192 
.163 
.167 

.172 
.136 
.171 
.198 
.153 
.186 



.177 



Substations. 



Capacity 
(kilowatts). 



128 
99 

99 
125 

83 

115 

96 

104 

116 

91 

99 



104.4 



Energy 

required 

annually 

(thousands 

of 

kflowatt- 

hours). 



280 
216 

245 
275 
182 

253 
211 
230 
255 
200 
216 



231 



Table 39. — Coal saved by electric operation on selected divisions. 



System. 


Quantity (thousands of tons). 


Percentage of steam locomotive ooal. 


Freight. 


Passenger. 


Switcher. 


All. 


Freight. 


Passenger. 


Switcher. 


All. 


Boston & Maine 


253 
93 
247 
382 
363 
590 
422 
276 
887 
1,035 
211 


.48 
105 
176 
43 
258 
225 
126 
140 
804 
264 
128 


105 
38 
105 
64 
133 
152 
188 
155 
509 
265 
101 


406 
236 
528 
489 
754 
967 
736 
571 
2,200 
1,564 
440 


63.3 
60.8 
61.3 
61.4 
62.9 
65.6 
62.4 
60.0 
60.0 
71.6 
67.6 


60.0 
65.5 
62.8 
70.0 
72.4 
75.0 
67.5 
70.0 
64.5 
67.9 
67.8 


70.0 

73:7 
73.6 
78.9 
82.7 
76.0 
78.3 
77.5 
7L8 
72.7 
72.4 


64.4 


Boston & Albanv 


64.7 


New York, New Haven A Hartford. . 
Delaware db Hudson 


64.0 
64.0 


Erie 


63.9 


Delaware, Lackawanna & Western. . . 
Lehififh Valley 


69.1 
66.7 


Central of New Jersey 


66.4 


Pennsylvania 


64.1 


PhiladelDhia & Readine 


71.1 


Baltimot'e A Ohio 


68.7 






Total or weighted average 

Percentage 


4,758 
54 


2,317 
26 


1,815 
20 


8,890 
100 


64.1 


67.2 


74.4 


66.8 











Table 40. — Energy required for electric operation on selected divisions y in thousands of kilowatt-hours. 



System. 



Boston & Maine. 

Boston & Albany 

New York, New Haven & Hartford 

Delaware & Hudson 

Erie 

Delaware, Lackawanna & Western. 

Lehigh Valley 

Central of New Jersey 

Pennsvlvania 

Philaaelphia & Reading 

Baltimore A Ohio 

Percentage 



Freight. 



147,000 
60,000 
155,500 
240,000 
213,400 
310,000 
254,000 
184,000 
590,200 
410,900 
101,400 



2, 666, 400 
60.30 



Passenger. 



Switcher. 



32,000 

55,600 

103,800 

18,600 

98,600 

75,000 

60,600 

60,000 

443,200 

125, 100 

60,500 



1, 133, 000 
25.60 



45,000 
13,400 
37,800 
17,100 
27,800 
48,000 
52,200 
45,000 
199,600 
99,300 
38,700 



623,900 
14.10 



All. 



224,000 
129,000 
297,100 
275, 700 
339,800 
433,000 
366,800 
289,000 
1,233,000 
635,300 
200,600 



4, 423, 300 
100.00 
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Table 41. — Cost of electric ItaekfacUitieB and equipment nf delected divitione, in thotuands cf dollars. 



Sy8t«ni* 



Boston A Maine 

Boston A Albany 

New York, New Haven & Hartford 

Delaware & Hudson 

Erie r... 

Delaware, Lackawanna & Western. 

Lehigh Valley 

Central of New Jersey 

Pennsvlvania 

Philadelphia & Reading 

Baltimore & Ohio 



Percentage. 



Mileage. 



Road. 



278 
201 
329 
377 
716 
551 
544 
315 
1,503 
1,231 
351 



6,395 



AU track. 



799 
596 
1,215 
1,003 
1,871 
1,712 
1,736 
1,255 
4,840 
3,173 
927 



19, 127 



Spedfled items. 



Track 

distribution 

system. 



8,397 
5,917 
12, 352 
10, 451 
19, 032 
17, 131 
17,002 
11,834 
46,555 
31, 870 
9,695 



190,236 
26.0 



Sub- 
stations. 



6,120 

3,540 

7,218 

7,524 

9,360 

11,820 

10,020 

7,824 

33, 612 

17,340 

5,484 



119, 862 
16.4 



Loco- 
motives. 



14,208 
7,972 
16,233 
12, 737 
23,338 
20,388 
20,074 
14,048 
75, 871 
34,489 
12,634 



251, 992 
34.5 



Sum. 



28,725 
17,429 
35,803 
30,712 
51,730 
49,339 
47,096 
33,706 
156,038 
83,699 
27, 813 



562,090 
76.9 



System. 



Boston A Maine 

Boston & Albany 

New York, New Haven & Hartford 

Delaware & Hudson 

Erie 

Delaware, Lackawanna & Western. 

Lehigh Valley 

Central of New Jersey 

Pennsvlvania 

Philacielphia & Reading 

Baltimore & Ohio 

Percentage 



Unspedfled 

items 
(10 per cent). 



2,872 
1,743 
3,580 
3,071 
5,173 
4,934 
4,710 
3,371 
15,604 
8,370 
2,781 



56,209 

7.7 



Overhead 
(20 per cent). 



Total gross 
cost. 



5,745 

3,486 

7,161 

6,142 

10, 346 

9,868 

9,419 

6,741 

31,208 

16,740 

5,563 



112» 419 
15.4 



37, 342 
22,658 
46,544 
39,925 
67,249 
64,141 
61,225 
43, 818 
202,850 
108,809 
36, 157 



730, 718 
100.0 



Credit for 

released steam 

locomotives. 



8,480 

4,420 
10, 152 

9,320 
13,980 
13,360 
15,340 
11,820 
42,560 
23,540 

7,660 



160,632 
22.0 



Net cost. 



28,862 
18,238 
36, 392 
30,605 
53, 269 
50,781 
45,885 
31,998 
160,290 
85, 269 
28,497 



570,086 
78.0 



Table 42. — Comparative cost of$team and electric operation on selected divisions, in thousands of dollars. 



System. 



Boston & Maine , 

Boston & Albany 

New York, New Haven 

& Hartford 

Delaware A Hudson 

Erie 

Delaware, Lackawanna & 

Western 

Lehigh Valley 

Central of New Jersey 

Pennsvlvania 

Philadelphia & Reading. . . 
Baltimore & Ohio 



Net cost 
of electrio 
coDstruo- 
tionand 
equip- 
ment. 



28, 862 
18,238 

36, 392 
30,605 
53, 269 

50,781 
45, 885 
31, 998 
160,290 
85, 269 
28, 497 



Oost of steam 
operation. 



Coal. 



570, 086 



3,780 
2,190 

4,949 
4,208 
5,467 

7,000 
5,514 
4,300 
17, 162 
10, 998 
3,202 



Looomo- 

tive 
mainte- 
nance. 



68,770 



3,170 
1,601 

4,737 
2,984 
6,913 

5,004 
5,170 
3,800 
19, 797 
8,976 
4,386 



Oost of electric operation. 



2.240 
1,290 

2,971 
2,757 
3,398 

4,330 
3,668 
2,890 
12,330 
' 6,353 
2,006 



66,538 



44,233 



Looomo- 

Uve 
mainte- 
nance. 



721 
426 

849 
677 
936 

1, 086 

869 

735 

4,125 

1,819 

667 



12, 910 



Saving by electric operation. 



Distri- 
bution 
and sub- 
stations. 



578 
402 

838 

727 

1,216 

1,194 
1,041 

824 
3,547 
2,099 

635 



13, 101 



Wage 
saving. 



1,020 
399 

991 

795 

1, 032 

1,260 
1,205 
1,060 
4,628 
2,574 
853 



15, 817 



TotaL 



4,431 
2,072 

6,019 

3,826 
7,862 

6,654 
6,311 
4,711 
21,585 
12, 277 
5,133 



80,881 



Ratio to 

oost of 

oonstnio- 

tion(per 

cent;. 



15.4 

n.4 

16.5 
12.5 
14.8 

13.1 
13.8 
14.7 
13.5 
14.4 
18.0 



14.2 



Table 43 gives the comparative data for steam and electric operation, in accordance with 
Form C, for all the selected divisions within the zone, aggregated into one operating system. 
This table summarizes briefly the entire results of the investigation; it does not include wage 
saving. 
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A SUPEEPOWER SYSTEM FQE THE REGION BETWEEN BOSTON AND WASHINGTON. 
Table 43. — Comparison of steam and electric operation for all selected divisums icominned). 






Fraigtat. 


Passenger. 


Switcher. 


1 

All services. 




Unit value. 


Total. 


Unit value. 


Total. 


Unit value. 


Total. 


Unit value. 


Total. 


Miles of road operated . . 




6,395 
11,296 

2,927 
283, 171 

58,517 

723, 896 




6,395 
11,296 

1,620 
104,655 

54,946 








6,395 


Miles of track 








7,831 

1,995 
147,058 

42,882 




19,127 


Steam, 

Average number of as- 
signed locomotives. . . 










6,542 


Wfdgh t on drivers . tons . . 
Locomotive - miles, 
tboumnds. . 


97 


65 


74 


82 


534,884 
156,345 


TraiUng ton- miles, 
.. , millions . 












Car-miles. . .thousands. . 
















Goal burned tons. . 




7,424,500 
254 

2, 666, 400 

2, 666, 400 
2,666,400 
4, 758, 100 




3, 450, 400 
126 




2, 438, 600 
114 




13,313,500 


Coal per locomotive- 
miJe pound« 










170 


Electric. 

Kilowatt -hours f thou- 
sand-ton-mile oasis) 
thousands. . 


36.8 

46,6 

2.0 

64.1 










Kilowatt -hours (loco- 
motive-mile basis) 
thousands. . 

Equivalent coal, pounds 
and tons 


20.6 

2.0 

67.2 


1,133,000 
1, 133, 000 
2, 317, 400 


14.6 

2.0 

74.4 


623,900 

623,900 

1, 814, 700 


28.3 

2.0 

66.8 


4, 423, 300 
4, 423, 300 
8, 890, 200 


Coal saved, per cent 
and tons 




Unit and total cost. 
Cost of coal and water. . . 


15.17 
.01 


$38, 350, 800 
26,664,000 




$17, 822, 800 
11, 330, 000 




$12, 596, 600 
6, 239, 000 


$5.17 


$68, 770, 200 


Cost of electric energy. . 






44,233,000 












Excess cost of steam 




11, 686, 800 

28, 649, 500 

4, 831, 800 

3, 545, 800 

1,866,600 




6, 492, 800 

21, 766, 900 

4,537,000 

3, 325, 900 

793, 100 




6, 357, 600 

16, 121, 200 

3,540,800 

3, 132, 400 

436,800 




24, 537, 200 
66, 537, 600 
12,909,600 


Locomotive mainte- 
nance, steam o 

Locomotive mainte- 
nance, electric ^ 


.49 

.0826 

600.00 

.0007 


$0,396 


$0,376 


.426 
.0826 


Maintenance of distri- 
bution svstem 




400.00 


10,004,100 
3,096,500 


Substation operation 
and maintenance 




.0007 










Total cost, steam oper- 
ation 




67, 000, 300 
36, 908, 200 




39, 589, 700 
19,986,000 




28, 717, 800 
13,349,000 




135, 307, 800 
70, 243, 200 


Total cost, electric op- 
eration 




















Excess cost, 9team op- 
eration 


2, 664. 00 


30, 092, 100 


1, 735. 00 


19, 603, 700 


1, 963. 00 


15, 368, 800 


3, 402. 00 


65, 064, 600 



a Includes engine-house expense. 

Figure 16 shows the growth of traffic, both freight and passenger, of track, and of tractive 
power for the class 1 raikoads in the superpower zone from 1900 to 1919. The annual rate 
of growth has been 5.3 per cent in passenger-miles, 4.5 per cent in ton-miles, 0.75 per cent in 
all track, and 6.6 per cent in tractive power of locomotives. 

The amount of money required for electrification is indicated in Table 42 as $570,000,000. 
This figure is based on costs prevailing in 1919, but at present costs (June, 1921) it would be 
reduced by 18 per cent, to approximately $467,000,000, and before this construction can be 
undertaken there will be further material reductions. Probably five years from now the entire 
work outlined could be done for not more than $400,000,000. This is comparatively a moderate 
sum. Good railroad authorities have stated repeatedly that more than $1,000,000,000 a year 
is needed by the railroads of the United States for extensions and betterments. The part of 
this total to be allocated to the superpower zone, as determined by the number of locomotives, 
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would be $150,000,000. The amount required for nonnal extensions and betterments for three 
years would therefore be sufficient to dectrify the 30 selected divisions of the railroads in 
this territory, with an annual saving of more than 14 per cent. The most valuable feature of 
the change, however, is not the amount saved but the great increase in maximum capacity 
of existing trackage and the general advantages of electric operation. 
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FiouKE 16.— Growth of steam railroads in the superpower zone in 1900-1919. Annual rate of growth compounded, 1900-1918: Passenger-miles, 

5.3 per cent; ton-miles, 4.5 per cent; all track, 0.75 per cent; tractive power, 6.6 per cent. 

These figures indicate that with a retmn of normal financial conditions all these lines 
should be electrified before further great expenditures have been incurred to increase in a 
minor degree the capacity of the existing tracks and yards. Steam operation can not satis- 
factorily meelb the conditions of the crowded terminal herein described as the superpower zone; 
electric operation can easily do it. 



APPENDIX D. 

INDUSTRY IN THE SUPERPOWER ZONE. 
By H. W. BuTLBB, H. Goodwin, Jr., and others of the engineering staff . 

CONCLUSIONS. 

A survey of the industrial establishments in the superpower zone in 1919 shows that the 
jnaximum economical use of purchased power in that year would have saved 13,502,100 tons 
of coal. This estimate assumes a consumption equivalent to 2 poimds of coal per kilowatt- 
hour at the motor leads in the industrial establishments. In order to save this coal, however, 
the industries would have had to purchase 5,623,800,000 kilowatt-hours more than they did. 

The energy developed by prime movers in the industries was equivalent to 9,311,440,000 
kilowatt-hours. The energy purchased from central electric stations to supply electric motors 
in the industries was 3,338,800,000 kilowatt-hours. 

INDUSTRIES CONSIDERED. 

''Industries" as used in this report means privately owned manufacturing establishments, 
laundries, mines and quarries, and Government institutions. The establishments considered 
include only those whose annual product has a value greater than $500. Table 48 gives the 
statistics for 53 industries, which have been arranged in 17 major groups adopted by the Bureau 
of the Census, to permit convenient comparison of the information here given with other in- 
formation gathered by the Census Bureau regarding these industries. 

FUNDAMENTAIj INFORMATION RECEIVED FROM BUREAU OF THE CENSUS. 

THB TABLBS IK QBNBBAL. 

The only source of general figures showing power and fuel used proved to be the Bureau 
of the Census. The census of manufactures covering the calendar year 1919 was in process 
of compilation, and the Census Bureau arranged to cooperate with the superpower survey by 
supplying advance information in special tabular form for analysis. The titles of the tables 
follow: 

TabU 44^ — ^Mechanical power-supply equipment and fuel used by aU industries, by size of plant. 

TabU 45. — Mechanical power-supply equipment and fuel used by aU industries, by character of power supply. 

TahU 4S. — ^Mechanical power-supply equipment and fuel used by aU industries, by industry subgroups and char- 
acter of power supply. 

Table 47. — ^Mechanical power-supply equipment and fuel used by aU industries, by counties and size of plant. 

Table 48. — Sunmuury and analysis of industrial power and fuel, by industry groups. (The summary consists of 
Census data; the analysis was made by the superpower survey.) 

The column headings are practically the same in all tables. They follow the Census stan- 
dard headings except as noted. 

''Power-supply equipment'' is used instead of the old Census term ''primary power." 

"Prime movers" is used instead of "owned" power. 

"Operated by purchased energy" is used instead of "rented" power. 

"Aggregate horsepower" of "power-supply equipment" (colimm 6) is the sum of the 
" total horsepower " of "prime movers" (coliunn 7) and the "total horsepower" "operated 
by purchased energy" (colunm 16). 

"Total horsepower" of "prime movers" (colimm 7) is the sum of colunms 9, 11, 13, and 
15. Prime movers are included whether they are directly connected to machinery, such as 
pumps, air compressors, or electrical generators, or used to drive shafting. Boiler-room and 
engine-tt>om auxiliaries are not included. 
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'' Internal-combustion engines" (columns 12 and 13) include gas^ gasoline, and oil engines, 
whether run on special fuel or waste gases. 

''Water wheels" (colunms 14 and 15) include hydraulic turbines and an insignificant 
number of small water motors run from city water mains. 

"Electric motors" "operated by purchased energy" (columns 17 and 18) consist chiefly of 
motors operated from the circuits of central stations but include also some that are operated 
by energy purchased from isolated plants. 

"Other horsepower" "operated by purchased enei^" (column 19) is chiefly power 
received through belting or shafting from the power plant of some other industrial estab- 
lishment. 

"Total number" of "electric motors" (column 20) is the sum of those "operated by 
purchased energy" (column 17) and those "run by current generated in establishment" 
(column 22). Similarly "Total horsepower" (column 21) is the sum of columns 18 and 23. 
A comparison of column 21 with column 6 gives an idea of the application of electricity in any 
industry. 

"Fuel used" is expressed in "long tons" (2,240 pounds) for anthracite and "short tons" 
(2,000 pounds) for bituminous coal and coke. Column 26 ("Total equivalent bituminous 
coal") is derived from colunms 24 and 25 and is presented to permit a comparison of items that 
show various proportions of anthracite and bituminous coal. A careful investigation of the 
quality of coal used by the industries showed that one long ton of anthracite was equivalent, 
on the average, to about nine-tenths of a short ton of bituminous coal in producing power. 
The "total equivalent bituminous coal" is therefore determined by multiplying the "anthra- 
cite" tons by 0.9 and adding the result to the "bituminous" tons. As comparatively little coke 
is used for producing power in the superpower zone, this item is not included in the " total 
equivalent bituminous coal." 

Statistics on the use of oil and manufactured gas in the industries are also compiled by the 
Bureau of the Census, but the data for 1919 were not ready in time for use. The amount of oil 
used for producing power is very small in comparison with the amount of coal used, and as the 
oil reserves are scant it must remain small. 

LIMITATIONS OF STATISTICS. 

It is difficult to show the present complicated conditions in industry, with its interrelated 
power and fuel supply, in a few uniform tables. The totals given are imdoubtedly very 
accurate, but as the divisions become finer and finer they must be used with increasing care 
and knowledge of the rules used in compilation. For instance: (a) Many plants, particularly 
the larger ones, that are normally operated by water power have complete steam plants in 
reserve for their operation during periods of low water. Both forms of power are reported, 
and in a small group either may apparently show a disproportionately large amount of power. 
(6) Some plants have discontinued regular operation of direct prime movers and purchase 
power from a central station but must also report the old prime movers held in reserve. This 
again leads to a duplication, (c) Other plants are electrically driven throughout and purchase 
power part of the time and generate it another part. At some times the central station con- 
nection is only "reserve," and at other times the prime movers are only "reserve," so that to 
avoid duplication and to make the total as nearly correct as possible, it is necessary to report 
the motors as "run by current generated in establishment reporting." If 4ihe prime movers are 
used only occasionally, the report obviously does not give the central station any credit for 
what it supplies, (d) Still other plants abandoned the use of prinie movers near the end of 
1919 and purchased all energy. Thus the statistics show that the motors were operated by 
purchased energy on December 31, 1919, but that the fuel used during the year was almost 
enough to operate a steam plant instead of the smaU amount that might be needed with pur- 
chased power. This condition happened to be particularly true of ice plants, many of which 
changed to central-station service in 1919. 
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THE TABIiES IN DETAIL. 

Table 44 shows the total mechanical power^upply equipment and fuel used by all industries 
in the zone, by size of plant. First is shown the fuel used by establishments reporting ''no 
power." On the following lines ore given the power and fuel used by establishments reporting 
an aggregate of 1 to 200 horsepower, 201 to 500 horsepower, and 501 horsepower or more. The 
average size is interesting. The figures for the larger plants indicate that 2,732 establishments 
use 6,689,751 horsepower — that is, 3.6 per cent of the establishments reporting power are 
larger than 500 horsepower and use 73.8 per cent of the grand total horsepower. 

Table 45 shows the total mechanical power-supply equipment and fuel, by character of power 
supply, with each group subdivided by size of plant. This subdivision is made particularly 
for analysis. Therefore two clear-cut groups have been selected — establishments reporting 
''steam power only'' and establishments reporting "purchased electric power only." The 
ratio of fuel used to power is in these establishments obviously simple, and the amount of coal 
used per horsepower has a definite significance. All combinations of steam power with pur- 
chased power and all other forms of power exhibit more complicated relations and have been 
thrown together under the heading "All other power." The relations in this group may usually 
be analyzed by means of the factors derived from the previous groups by making proper allow- 
ance for the considerations noted above under "Limitations of statistics." 

Table 46 presents data for each industrial subgroup similar to those presented for all in- 
dustries in Table 45. The totals of each group in Table 46 are carried forward to Table 48. 
Remarks in regard to Table 45 apply to Table 46 with additional force. This table shows 
clearly for each group of industries the character of power supply and the fuel used, from which 
can be determined the relation of fuel used to character of power supply. 

Table 47 gives the mechanical power-supply equipment reported in eaich county, by size 
of plant, as explained for Table 44. This table is of interest as showing the distribution of 
plants of various sizes and the extent to which electric power is purchased in different counties. 

Plate VII shows the distribution by counties of isolated-plant power, each dot representing 
10,000 horsepower of steam, oil, or gasoline engines. 
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Table 44. — Mechanical power-supply equipment and 

(Data from oensufl of 



3 



SiMOf 

plant 

(hOCBOpOWV). 



No power 

All power: 

1-aoo 

201-500 

501 and above.. 

Total power. 

Orand total.. 



Establishments. 



Num- 
ber. 



19,757 



70,654 
2,841 
2,732 



76,227 



96,984 



Aver- 
age size 
(horse- 
power). 



21 

315 

2,450 



119 



Power-supply equipment. 



Lflgregate 
rnvse- 
power. 



6 



1,485,664 

894,066 

6,689,751 



9,069,471* 



9,069,471 



Prime movers. 



Total 
horse- 
power. 



692,047 

509,154 

4,985,801 



6,247,002 



6,247,002 



Steam engines. 



Num- 
ber. 


Horse- 
power. 


8 


9 



11,022 

4,618 

17,739 



33,379 



33,379 



535,506 

488,880 

8,231,483 



4,256,868 



Steam turbines. 



Num- 
ber. 



10 



276 

174 

1,666 



2,115 



4,255,868 



2,115 



Horse- 
power,. 



11 



Intemal-oambus- 
tion engines. 



Num- 
ber. 



IS 



10,136 

19,514 

1,141,412 



1,171,061 



1,171,061 



6,611 
294 
441 



6,246 



Horse- 
power. 



13 



73,406 

11,602 

193,970 



279,040 



6,246 



279,040 



Water wheels. 



Num- 
ber. 



14 



2,333 

627 

1,748 



4,708 



4,708 



Horse- 
power. 



in 



72,999 

49,006 

418,986 



641,033 



641,083 



Table 45. — Mechanical power-supply equipment and 

[Data from census of 
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Steam engines. 


Steam turbines. 
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tion engines. 


Water wheels. 
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Num- 
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power. 


Num- 
ber. 
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power. 
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opower only: 


























6,446 
949 
912 


61 

322 

2,210 


395, oao 

306,909 
2,017,858 
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306,909 
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7,886 
2,380 
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388,064 

201,746 

1,437,942 


174 
118 
790 


6,975 

14,164 

679,916 












n.js£in 












601 and above. . . 
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1 
2 
6 


ther power: 
-200 


10,240 
1,211 
1,453 


40 

814 

2,800 


410,179 

881,536 

4,075,653 


207,018 

263,246 

2,967,943 


3,136 

2,238 

10,382 


147,461 

197,136 

1,793,641 


102 

66 

875 


3,160 

6,350 

561,496 


6,611 
294 
441 


73,406 

11,662 

193,970 


2,333 

627 

1,748 


72,999 

49,008 

418,986 


o 


01-500 




01 and above.. . 




Total power... 


12,904 


377 


4,867,368 


3,528,206 


16,756 


2,138,127 


1,033 


670,006 


6,2^ 


279,040 


4,708 


641,033 




76,227 


119 


9,069,471 


6,247,002 


33,379 


4,256,868 


2,115 


1,171,061 


6,246 


279,040 


4,706 


641,033 






Orand total.... 


95,984 




9,060,471 


6,247,002 33,379 


4,256,868 


2,115 


1,171,061 


6,246 


279,040 


4,706 


641,088 
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fuel used hy all industries, by size of plant. 
manufactures, 1919.] 



Power-supply equipment^Contlnned. 


Electric motors. 


Fuel used. 


OlMrated bj purehased energy. 


Total. 


Run by current gen- 
erated in establish- 
ment. 


Ck>al. 




Total 
horsepower. 


Eleetiie motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 
tons). 


Coke 
(short 


Number. 


Horse- 
power. 


tons). 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




16 


17 


18 . 


19 


zo 


21 


22 


23 


24 


25 


26 


27 


















234,010 


381,727 


591,884 


25,860 






v*:: 










703,617 

324,902 

1,708,950 


208,963 

35,503 

117,406 


763,163 

321,502 

1,685,960 


30,454 

3,310 

17,990 


221,738 

58,228 

280,941 


837,261 

481,523 

4,017,843 


12,776 

22,635 

163,535 


74,098 

150,981 

2,331,883 


2,528,361 

1,265,149 

16,882,346 


3,887,872 

3,809,249 

26,408,476 


6,158,375 

5,037,683 

41,675,571 


666,778 

306,288 

4,760,102 


2,822,469 


361,901 


2,770,715 


51,754 


560,907 


5,336,627 


198,946 


2,565,912 


20,675,855 


34,287,507 


52,871,629 


5,635,168 


2,822,409 


361,961 


2,770,715 


51,754 


560,907 


5,336,627 


198,946 


2,565,912 


20,909,865 


34,669,324 


53,463,513 


5,661,028 



fuel used by all industries^ by character of power supply, 
manufoctures, 1919.] 



Power-supply equipment— Continued. 


Electric motors. 


Fuel used. 


Operated by purchased energy. 


Total. 


Run bv current gen- 
erated in establish- 
ment. 

• 


Coal. 




Total 
horsepower. 


Electric motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 


Bituminous 
(short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 
tons). 


Coke 

(short 
tons). 


Number. 


Horse- 
power. 


Number. 
20 


Horse- 
power. 


Number. 


Horse- 
power. 




16 


17 


18 


19 


21 


22 


23 


24 


25 


26 


27 


















234,010 


881,727 


591,884 


25^860 






























8,638 
17,179 
88,382 


52,326 

1L%860 

1,143,666 


8,633 
17, 170 

88,382 


52,336 

115,860 

1,143,666 


855,337 

657,603 

7,070,078 


1,886,507 

1,889^242 

12,139,926 


2, 65.% 485 

2,480,050 

18,500^448 


140,745 










131,501 
2.286.008 
























........... 





114,104 


1,811,852 


114,104 


1,311,852 


8,583,018 


15,915^675 


23,635,002 


2,567,240 








680^456 
206,611 
596^240 


196^275 
23,700 
88,700 


680^456 
206,611 
506^210 




196^275 
28,709 
38,790 


680^456 
206,611 






1,001,604 

lAioo 

107,520 


965,127 

575,818 

2,542,126 


1,043,805 

685,748 

2,719^861 


338,435 




I 


44,784 




506^240 


1 


100^183 








1,483,307 


258,774 


1,483,307 




258^774 


1,483,307 




1,413,233 


4,063,066 


5,849^414 


483,851 








113,161 

118,201 

1,107,710 


12,687 
11,884 
78,616 


82,707 

114,961 

1,060^720 


30^454 

3,310 

17,990 


16,880 

17,840 

153,760 


104,470 

159^062 

2,277,087 


4,143 

5,456 

75,153 


21,772 

44,071 

1,188^217 


581,430 

484,437 

0,614,748 


1,086,238 

1,486,104 

11,816^424 


1,559^065 

1,871,876 

20, 455; 262 


78^506 

13^068 

3,873,017 


1,330,162 


103,187 


1,287,408 


61,754 


187,030 


2,541,468 


84,752 


1,254,060 


10,680,615 


14,288,856 


23,886,223 


3,584,568 


2^822,469 


361,961 


2^770,715 


51,754 


660,007 


5,336,627 


108,046 


2,565,912 


20,675,855 


34,287,597 


5^871,629 


6^635^168 


2^822,460 


361,961 


2; 770^ 715 


51,754 


560^007 


51,886^627 


108,946 


2; 565^ 912 


20^909,865 


34,669,324 


5^463,513 


5,661,028 
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Table 46. — Medianioal power-supply equipment and fuel 

[Dftta from census of 
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% 
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Steam turbines. 
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tion engines. 
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I 


Num- 
ber. 


Horse- 
power. 


Num- 
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Horse- 
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ber. 


Horse- 
power. 
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ber. 


Horse- 
power. 


1 


2 


3 
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5 


6 


7 


8 


9 


10 


11 


12 


13 


14 
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No power 
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Steal 
1 
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48 
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14 

7 


32 
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7,423 


53 
32 
31 


1,546 
2,013 
5,830 
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2 
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80 

145 

1,593 
























01-^500 




01 and above. . . 




Total power... 
Grand total.... 


i08 1,800 


19,523 
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1 
3 
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1 




50 
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1 



5,431 

40 




1,017 
14 
14 


26,152 
1,515 
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01-500..-. 


• 
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01 and above. . . 


Total power... 
Grand total — 
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39,904 


37,533 


61 


3,665 


1 


50 


240 


5,471 


1,045 


28,347 


^H 


1,217 


48 


58,115 


45,588 
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4 
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Total power... 

Grand total.... 

> 
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70 


13,484 


4,612 


59 


3,184 


4 
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139 
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8 
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5,598 


11 


62,377 


18,556 
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15,053 


11 


2,486 
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995 


8 
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140 
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11 
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us$d hy industry tub^oups, by duxracUr of power supply. 
manufactures, 1919.] 



Power-supply equipment— Oontinued. 


Electric motors. ' Fuel used. 


Operated by purchased energy. 


Total. 


Run by current ven- 
erated in establish- 
ment. 


Coal. 




Total 
horsepower. 


Electric motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

Mtumi- 
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18 
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Horse- 
power. 


Number. 


Horse- 
power. 




16 


17 


19 


20 


21 


22 


29 24 

1 

1 


25 

548 


26 


27 






-••-•••••••• 












467 


978 













81 
202 
574 


703 
2,284 
6,606 


81 
202 
574 


703 
2,284 
6^606 


14,496 
1M31 
81,593 


16,339 
38»365 
97,844 


29,389 

51,965 

171,344 


47 





















7,358 


















857 


9,595 


857 


9,595 


111,220 


152,548 


252,608 


7,405 




. 






7,228 
1,406 


865 
96 


7,228 
1,406 




865 
96 


7,228 
1,406 






* 

4,372 
96 


7,380 
2,398 


11,310 
2,485 


126 



















8,634 


951 


8,634 




961 


8,634 






4,468 


9,778 


13,795 


126 


1,129 
1,9S6 
5,231 


93 
187 
447 


967 
1,956 
5^231 


142 




98 
227 

561 


1,001 
2,803 
6,517 


5 

40 

114 


14 

347 

1,286 


5,333 
14,049 
80,131 


12,375 
14,656 
26,949 


17, 175 

27,256 

106,949 


106 






8,316 


727 


8,174 


142 


886 


9,821 


150 


1,647 


108,513 


53,980 


151,380 


106 


16,9fi0 


1,688 


16,808 


142 


2,704 


2S,060 


1,016 


11,242 


224^201 


216,306 


417,873 


7,637 


16,960 


1,688 


16,808 


142 


2.704 


28,050 


1,016 


11.242 


224.668 


216,854 


418,851 


7,687 








• 
















































2 



13 


11 



128 


2 



13 


11 



128 


8,896 



7,500 


10^155 
1,060 
4,000 


18,145 

1,060 

10,830 













































15 


139 


15 


139 


16,396 


15,286 


30,025 











^ , 




9,431 
725 


710 
31 


9,431 
725 




710 
31 


9,431 
725 






670 



602 



1,206 



4 



















10,156 


741 


10,156 




741 


10,156 






• 670 


602 j 1,206 


1 










1,863 

468 

50 


107 
40 

1 


1,775 

468 

50 


78 




123 
79 

1 


1,996 

968 

50 


16 

39 




221 

500 




7,968 

49 




3,993 
870 
362 


11,173 
914 
363 


83 

) 
) 


2,371 


148 


2,293 


78 


203 


3,014 


55 


721 


8,087 


5,225 


12,450 


8) 


12,527 


889 


12,449 


78 959 


13,309 


70 ; 800 


25,103 


21, 112 


4), 680 


81 


12,527 


889 


12,449 


78 1 069 


13,309 


70 860 


25,108 


21,112 


43,680 


81 














90,662 


8,137 


89.637 


16.511 











... 






1 1 


50 

353 

1,035 


355 
2,560 
5,812 


50 

353 

1,035 


355 
2,560 
5,812 


2,335 
18,634 
43,280 


13,040 
14,540 
13,268 


15,140 
31,340 
52,268 


J 






■ 


3,775 
9J8 






1 








1,438 


8,727 


1,438 


8,727 


64.249 


40.848 


96,748 


4,74i 












30,698 
2,375 
1,881 


10.296 
425 
317 


30,093 
2,375 
1,881 




10,296 
425 
317 


30,693 
2,375 
1,881 






261,464 
8,086 
5,715 


38,469 

2,077 

473 


273,469 
9,337 
5,623 


53,984 








1,168 









34,949 


11.038 


34.949 




11,088 


34,949 




275,265 


41,019 


288,429 


52, 152 






............ ............. 






1,665 

535 

6,682 


346 

74 

277 


1,638 

535 

6,682 


17 




457 
124 
414 


2,113 

844 

7,329 


HI 

50 

137 


475 
309 
647 


17,028 
12,082 
13,565 


10,580 
5,206 
8,320 


25,880 
16,105 
20,520 


1,609 



1,858 


8,872 


697 8,855 


17 


995 


10,286 


298 1 1,431 42,675 


24,105 


62,505 


3,557 


43,821 11,735 . 43,8&4 


17 


13,471 1 53,962 


1,736 10,158 382,189 


105,972 449,682 


60,452 


43,821 11,735 43,804 17 13,471 


53,962 


1,736 10,158 1 472,851 


114,109 1 539,319 


76,963 
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Table 46 . — liechanical pcwer-mpply eqmpment and fuel lued 





i 

g 


Size of plant 
(honepower). 


Establishments. 








Power-supply equipment 


■ 






m 


Num- 
ber. 


Aver- 
age stse 
(horse- 
power). 


Anregate 
horse- 
power. 








Prime movers 


. 






8 

.3 

1 


Total 
horse- 
power. 


Steam engines. 


Steam turbines. 


Intemal-oombus- 
tion engines. 


Water wheels. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


M 


Steam power only: 
fiOl and above. . . 

Total power. . . 


13 


2,700 


35,041 


35,041 


220 


23,678 


22 


11,363 










Si 


13 


2,700 


35,041 


35,041 


220 


23,678 


22 


11,363 










•nS 












[Nop 


ower 


806 




















































Steam power only: 


687 
31 
15 


32 
328 
906 


21,836 
10,211 
13,tf38 


21,836 
10,211 
13,638 


854 
93 
73 


21,611 
10,101 
12,828 


4 


225 
110 
810 












2 



01^500 












01 and above... 










• 




733 


62 


45,685 


45,685 


1,020 


44,540 


26 


1,145 










S 










1 


Purd 
po> 

21 

fil 


Iiaaed electric 
leer only: 
-200.... 


2,474 

40 

7 


15 
299 
804 


36,210 

11,947 

5,631 




















1 


01-600 




















1)1 and above.... 





















1 




2,521 


21 


63,797 








i 












f 
5 


Allot 
1 


ther power: 
-200 


765 
36 
30 


30 

300 

1,524 


23,305 
10,831 
45,733 


17,412 

6,281 

30,171 


275 

84 

110 


9,552 

5,135 

26,306 


10 

3 

11 


276 
226 
990 


602 
17 
31 


6,108 

670 

2,548 


66 

1 
15 


1,476 
250 
327 


01-n500 


i 


91 and above.... 


w4 


Total power. . . 
Grand total.... 


831 


96 


79,860 


53,864 


460 


40,993 


24 


1,492 


640 


9,326 


82 


2,053 




4,085 


44 


179,351 


99,540 


1,489 


85,633 


50 


2,637 


640 


9,326 


82 


2,053 




4,801 




179,351 


99,549 


1,489 


85,533 


50 


2,637 


640 


9,326 


82 


2,063 




1 

Nop 

Steal 
1 

a 

54 


ower 


13 
























9 

1 


opower only: 


48 
22 
72 


123 

345 

2,306 


5,937 

7,503 

172,506 


5,1»7 

7,503 

172,506 


61 

38 

162 


6,937 

7,493 

145,539 




1 

28 




100 

27,057 










01-500 










91 and above.... 










1 




142 


1,310 


186,126 


186,126 


261 


158,969 


29 


27,157 






f. 






........|. ........ 


f 


Pure! 

poll 

2< 
51 


Ciased electric 

vet only: 

-200 


193 
14 
19 


• 

51 

320 

2,760 


9,839 

4,606 

52,570 




















a 


01-500 
















1 


tf 


Dl and above 
















1 






226 


205 


66,924 
















1 


















........|.... 


1 


AUol 
1 
21 

54 


ther power: 
-200.. 


95 

30 

183 


57 

347 

3,420 


5,436 

10,425 

626,602 


3,630 

9,386 

614,737 


23 

36 

452 


1,411 

5,405 

252,998 






92 






124,303 


22 



10 


500 



1,465 


31 

39 

502 


1,710 

3,981 

135,881 


1 


01-500 


91 and above. . . 


Total power... 
Grand total.... 


308 


2,080 


642,463 


627,753 


511 


250,814 


92 


124,393 


32 


1,974 


662 


141,572 


A 


676 


1,320 


895,513 


713,879 


772 


418,783 


121 


151,650 


32 


1,974 


662 


141,572 




680 




805,513 


713,879 


772 


418,783 


121 


151,550 


32 


1,974 


662 


141,573 




Nop4 

Steal 
1 
21 
5( 


Bwer 


61 


























a powor only: 


























129 

12 

6 


74 

308 

1, 197 


9,552 
3,606 
7,183 


9,552 
3,606 
7,183 


140 
18 
13 


9,801 
3,606 
3,515 


5 

5 


251 



3,668 












91-500 












91 and above... 














147 


139 


20,431 


20,431 


171 


16,512 


10 


3,919 




















i 


Pure] 

pov 

1- 

21 

61 


iased electric 
irer only: 
-200.... 


949 
9 

4 


15 

278 

1,071 


14,401 
2,497 
4,285 




















1^ 


91-500 




















^ 


91 and above 




















a 






















td 


962 


22 


21,183 








































s 


AUot 
1 
2( 

5( 


^her power: 
-200.. 


152 
40 
21 


49 

310 

1,330 


7,450 
12,304 
27,981 


4,765 

8,535 

19,671 


68 
40 
52 


3,336 

6,275 

13,672 


1 
2 
2 


35 

110 

1,750 


24 




235 




33 
30 
28 


1,150 
SL150 
4,249 




91-500 




91 and above. . . 




Total power... 
Grand total.... 


213 


224 


47,825 


32,971 


160 


23,283 


5 


1,805 


24 


235 


91 


7,558 




1,322 


68 


89,439 


53,402 


331 


39,795 


15 


5,814 


24 


235 


91 


7,558 




1,383 




89,439 


53,402 


331 


39,795 


15 


5,814 


24 


235 


91 7,558 
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hy industry tubgroupSf by character of power supply — Continued. 



Power-aipply.equipment— Continued. 


Electric motors. 


Fuel used. 


Operated by purchased energy. 


Total. 


Run by current een- 
eratea in establish- 
ment. 


Coal. 




Total 
horsepower. 


Electric motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 
bitumi- 
nous (short 
tons). 


Coke 
(short 


Number. 


Horse- 
power. 


tons). 


Number. 


Horse* 
power. 


Number.. 


Horse- 
power. 




16 


17 


18 


19 


SO 


21 


22 


23 


24 


25 


26 


27 










2,582 


37,000 


2,582 


37,000 


406,248 


865,118 


1,231,118 


180 










2,582 


37,090 


2,582 


37,000 


406,248 


865,118 


1,231,118 


180 




























4,330 


12,777 


16,674 


431 




























493 

562 

1,547 


2,558 

3,371 

11,803 


403 

562 

1,547 


2,558 

3,371 

11,803 


40,226 
14,988 
67,331 


104,051 
42,175 
22,864 


141, 158 
65,675 
83,461 


281 










991 










420 




' 






2,602 


17,822 


2,602 


17,822 


122,545 


169,990 


280,294 


1,692 









3,6219 

11,947 

5,631 


7,910 

1,420 

706 


36,219 

11,947 

5,631 




7,910 

1,420 

708 


36,219 

11,947 

5,631 




43,464 
9,553 
1,914 


50,252 

19,746 

4,957 


89,365 

28,345 

6,679 


1,739 
1.457 












••"■■•-••••• 




53,797 


10,038 


53,797 




10,038 


53,797 






54,931 


74,955 


124,389 


3,196 








5,893 

4,550 

15,562 


1,138 

515 

1,812 


5,387 

4,190 

15,562 


506 

360 




1,228 

802 

3,457 


6,014 

5,482 

31,487 


00 

287 

1,645 


627 

1,292 

15,925 


23,631 

12,957 

168,572 


61,596 

41,334 

124,850 


82,854 

53,000 

276,563 


115 
16 
64 


26,005 


3,465 


25,139 


866 


5,487 


42,983 


2,022 


17,844 


205,150 


227,780 


412,417 


195 


79,802 


13,503 


78,936 


866 


18,127 


114,602 


4,624 


35,666 


382,626 


472,725 


817, 100 


5,083 


79,802 


13,503 


78,936 


866 


18,127 


114,602 


4,624 


35,666 


386,956 


485,502 


833,774 


5,514 





















1,648 


1,648 













" •• 
















133 

181 

3,347 


787 

1,749 

46,366 


133 

181 

3,347 


787 

1,749 

46,366 


14,355 

7,732 

99,563 


23,777 

28,036 

410,178 


36,877 

34,996 

499,678 


350 





















13,982 










3,661 


48,902 


6,661 


48,902 


121,650 


461,991 


571,351 


14,332 










9,839 

4,506 

52,579 


2,227 

865 

3,629 


9,839 

4,506 

52,579 




2,227 

865 

3,629 


9,839 

4,506 

52,579 






3,001 
1,794 
4,891 


12,106 

7,163 

14,501 


15,608 

8,783 

18,901 


399 




















66,924 


6,721 


66,924 




6,721 


66,924 






10,586 


33,772 


43,292 


399 










1,806 

1,039 

111,865 


75 

67 

10,260 


723 

1,039 

111,470 


1,083 



396 


99 

236 

20,259 


898 

2,256 

267,788 


24 

160 

10,000 


175 

1,217 

156,318 


2,178 

7,805 

166,061 


14,601 

33,930 

1, 137, 722 


16,551 

40,501 

1,278,722 


1 



1,694 


114, 710 


10,392 


113, 232 


1,478 


20,594 


270,942 


10,202 


157, 710 


175,544 


1,186,253 


1,335,774 


1,695 


181,634 


17,113 


180,156 


1,478 


30,976 


386,768 


13,863 


* 206,612 


307,780 


1,682,016 


1,950,417 


16,426 


181,634 


17, 113 


180,156 


1,478 


30,976 


386,768 


13,863 


206,612 


307,780 


1,683,664 


1,952,065 


16,426 


















193 


201 


374 































642 
555 
814 


2,987 
1,676 
4,747 


642 
555 
814 


2,937 
1,576 
4,747 


22,773 
10,163 
171694 


42,714 
10,446 
20,390 


63,114 
19,546 
36,290 


43 








" ■ ■ 












>■■»■•>■■ 


74 










2,011 


9,260 


2,011 


9,260 


50,630 


73,550 


118,950 


117 












14,401 
2,497 
4,285 


3,885 
526 
338 


14,401 
4,285 




3,885 
526 
338 


14,401 
2,497 
4,285 


^ 




16,698 

900 




40,666 
2,892 
7,696 


55,666 
3,702 
7,696 


41 





















21,183 


4,749 


21,183 




4,740 


21,183 






17,598 


51,254 


67,064 


41 










2,685 
3,850 
8,310 


337 
274 
820 


1,422 
3,084 
8,310 


1,263 

775 




496 

413 

1,004 


2,346 

4,665 

11,544 


150 
130 
274 


924 
1,581 
3,234 


6,024 
9,034 
5,522 


19,743 
83,973 


25,143 
52,548 
88,933 







14,854 


1,431 


12,816 


2,088 


2,003 


18,555 


572 


5,739 1 20,580 


166,624 


166,624 





36,037 


6,180 


c3f 999 


2,038 


8,763 48,098 


2,583 


14,999 88,808 


272,068 


352,636 


158 


36,037 


6,180 


33,990 


2,038 


8,763 


48,908 


2,583 


14,999 89,001 


273,160 


353,012 


158 
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Table 46. — liechanioal power-supply equipment and fuel used 





«9 Character of power supply. 


Size of plant 
(horsepower). 


Establishments. 








Power-supply equipment 


« 


• 






• 

9 


Num- 
ber. 


Aver- 
age size 
(horse- 
power). 


Aggregate 
horse- 
power. 








Prime movers 


• 








Industry subgrc 


Total 
horse- 
power. 

1 


Steam 


engines. 


Steam turbines. 


Intemal-oombus- 
tlon engines. 


Water wheels. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


3 


4 


5 


6 


7 


8 





10 


11 


19 


13 


14 


lA 




Nop 

Steal 
1 
21 
SL 


ower 


32 


1 

t 
























Qpower only: 


•••••""* 
























82 
41 
11 


111 

298 

1,280 


9,009 
12,273 
14,131 


9,060 
12,273 
H131 


« 05 
55 
35 


8,n9 

1L068 
7,781 


3 



10 


350 
1,205 
6,350 












Dl-fiOO 












ni And AhovA 
























134 


264 


35,473 


35,473 


185 


27,568 


22 


7,905 




















• 


Purd 
po^ 


tiasad electric 

ver only: 

-200 


6S7 
25 

7 


30 
270 
749 


20,906 
6,749 
5^243 




















01-fiOO 




















ni AfiH atvtVA 




















M 

mm 






















s 


710 


46 


32,900 




















• 




















Alio) 
1 

51 


ther power: 
-200.. 


247 
26 
32 


38 

315 

1,655 


9,371 

8,210 

53,107 


4^771 

5^731 

34,077 


40 

40 

105 


3,318 

5^994 

23»491 


2 



10 


87 



4,167 


37 

1 
3 


680 

12 

685 


16 

2 

38 


686 

325 

5,784 




D1-5Q0 




01 and above. . . 




Total power... 
Grand total 


305 


232 


70,688 


44,579 


104 


32,203 


12 


4,254 


41 


1,327 


56 


6,795 




1,158 


120 


139,061 


80,062 


370 


59,771 


34 


12,159 


41 


1,327 


56 


6,706 




1,190 




139,061 


80,052 


379 


60,771 


34 


12; 150 


41 


1,327 


56 


6,705 




Nop4 

Steal 
1- 
2t 


Dwer 


13 










- 
















opoweronly: 


























72 
40 
42 


130 

333 

2,030 


9^445 
13,331 
85^531 


9^445 
13,331 
85^531 


77 
59 
96 


9,210 
12,781 
52,147 


2 

2 

30 


235 

550 

33,384 












nsaa 












501 and above... 








I 














154 


700 


108,307 


108,307 


232 


74,138 


34 


34^169 




















§ 
1 


Purd 
po^ 

a 

5( 


liaaed electric 

V9t only: 

.200 


82 
24 

8 


85 

319 

1.434 


6,960 

^663 

11,474 


















• 


)1.500 




















91 and above. .. 




















> 




114 


229 


26,126 




















s 




















< 


AIlol 
1- 
2( 


ther power: 
.200 


121 
126 
108 


104 

383 

1,770 


12; 657 

41,945 

191, 194 


8,804 

31,075 

168,151 


51 
135 
276 


4,402 
19,110 
72,881 


1 

2 

42 


15 

480 

66,270 


9 
3 
3 


278 
130 
554 


77 
157 
193 


4»010 
12,255 
28^446 


^ 


)l-500 


11 and above... 




Total power... 
Grand total.... 


355 


692 


245^796 


208,080 


467 


96,483 


45 


66,765 


15 


962 


427 


44^720 




623 


610 


380,229 


317, 237 


694 


170,621 


79 


100,934 


15 


962 


427 


44»720 




636 




3^229 


317,237 


694 


170,621 


79 


100,934 


15 


962 


427 


44,720 




Nopi 

Steal 
1- 
2( 
5C 


iwer. ... ... 


5 




















• 






opoweronly: 


























13 

7 
4 


. 134 

334 

1,770 


1,748 
2,335 
7,080 


1,748 
2,335 
7,060 


15 

9 

20 


1,748 
2,260 
6,380 




1 
1 




75 

700 












)ls.500 












11 And ahovA 
























24 


465 


11,163 


11,163 


44 


10,388 


2 


775 










1 

•o 

9 










Purol 

pov 

1- 

2( 

5( 


^sed electric 

reronly: 

-200 


9 

1 
2 


59 

260 

1,711 


533 

260 

3,422 




















)l-^S0O 












■•••*••• 








rpeta 


)1 and above. .. 























12 


351 


4,215 


















5 i 

• 












r* * 




All 01 
1- 
2(] 
5( 


;her power: 
200 


15 
7 
7 


32 

296 

2,010 


476 

2,075 

14,070 


255 

1,157 

13,120 


3 

7 

18 


170 

857 

0,167 




4 






2,975 


2 




85 






1 
6 



300 
087 


^ 


H-500 




)1 and above. . . 




Total power. . . 
Grand total — 


29 


570 


16^621 


14,541 


28 


10,104 


4 


2,975 


2 


85 


7 


1,287 




65 


490 


31,999 


25,704 


72 


20', 582 


6 


3,750 


2 


85 


7 


1,287 




70 




31,999 


25,704 


72 


40,582 


6 


3,750 


2 


85 


7 


1,287 
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by industry subgroups, by character of power supply — Continued. 



Power-supply equipment— Contlnaed. 


Electric motors. 


Fuel used. 


Operated by purchased energy. 


Total. 


Run by current gen- 
erated In establish- 
ment. 


Coal. 




Total 
horsepower. 


Electric motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 

tons). 


Coke 

(short 
tons). 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




16 


17 


18 


19 


20 


21 


22 


23 24 


25 


26 


27 
















1 
























i 












473 
1,741 
4,880 


1,803 

3,199 

10,263 


473 
1,741 
4,880 


1,803 32,182 

3,199 46,048 

10,263 27,226 


13'^ 
17; 244 


49,820 
55,099 
41.644 


260 










































7,094 


15,265 


7,094 


15,265 ia5,456 


52,063 


146,563 


2An 












20,908 
6,748 
5,243 


7,348 
2,160 
1,214 


20,908 
6,748 
5,243 




7,348 
2,169 
1,214 


20,909 
6,749 
5,243 






23,446 
7,212 
2,708 


7,672 
2,434 
5,584 


28,672 
8,934 
8,014 


27 











, 







1 




32,900 


10,731 


32,900 




10,731 


32,900 


1 


33,366 


15,690 


45,620 


27 










4,600 

2,479 

19,030 


383 

569 

5,311 


1,015 

2,479 

19,030 


2,985 




557 

812 

6,437 


2,130 

3,008 

28,912 


174 

243 

1,126 


515 

529 

9,882 


15,006 
22,074 
82,636 


8,847 
12,570 
99,148 


22,347 

32,370 

173,648 


96 




26,109 


6,263 


23,124 


2,985 


7,806 


34,050 


1,543 


10,926 


119,718 


120,565 


120,565 


228.365 


59,009 


16,994 


56,024 


2.985 


25,631 


82,215 


8,637 


26,191 


258,540 


188,318 


420,548 


383 


59,009 


16,994 


56.024 


2,985 


25,631 


82,215 


8,637 


26,191 


258,569 


188,958 


421,214 


383 


















10 


1,060 


1,060 






























94 

439 

2,589 


521 

2,435 

51,771 


94 

439 

2,589 


521 

2,435 

51.771 


7,930 
21,367 
64,154 


60,097 

60,234 

268,567 


67,247 

88,434 

326,267 


45 


i 




















1 












3,122 


54,727 


3,122 1 54,727 


93,154 


397,898 


481,948 


45 












6,989 

7,663 

11,474 


912 

588 

ovv 


6,989 

7,663 

11,474 




912 
588 
899 


6,989 

7,663 

11,474 






1,689 

1,768 

550 


14,250 
14,171 
23,851 


15,770 
15,761 
34,301 


2 








877 











26,126 


2,399 


36,126 




2,399 


26,126 






4,007 


52,272 55,832 


879 













3,853 

9,970 

23,043 


219 

968 

2,150 


2,290 

9,420 

23,043 


1,563 

550 




382 
1,433 
8,140 


2,834 
14,212 
93,264 


163 

465 

5,990 


544 

4,792 

70,221 


2,054 
12,327 
60,663 


37,083 
168, 116 
553,688 


38,933 
179,216 
616,488 


550 

414 

86 


36,866 


3,337 


34.753 


2,113 


9,955 


110,310 


6,618 


75,557 


84,044 


758,887 


834,637 


1,070 


63,992 5,736 


60,879 


2,113 


15,476 1 191,163 9,740 


130,284 181,503 


1,209,057 i 1,372,417 


1,994 


62,992 


5,736 


60,879 2,113 


15,476 191,163 ' 9,740 


130,284 181,512 1,210,117 


1,373,486 


1,994 
















! 

178 7.054 


7.212 











1 








1 

1 




37 
lOR 
388 


1 
426 37 


426 1,759 

524 , 5,712 

3,494 19,610 


11,312 

7,096 

23.841 


12,892 
12,246 

41.441 





............ ........ t..... . 1... .... 


524 


103 





" ■ ' * 1 
... ' ' 


3,494 388 





1 , 








528 


4.444 528 


4.444 27.081 i 42,249 


66.579 













533 

260 

3,422 


1 
1 
1 

68 533 




68 

97 

212 


533 

260 

3,422 






119 5,424 
497 
35,804 


5,531 

497 

35,804 





97 2fin 











212 


3,422 











4,215 


377 i 4,215 




377 


4,215 






119 1 41.725 1 41.832 

















221 
918 
941 


22 

218 

30 


221 
918 
941 







22 

223 

1,366 


221 

993 

8,058 




5 

1,236 




75 

8,017 


1,343 
1,140 
6,462 


1,364 

9,828 

123,232 


2,574 

10,858 

129,032 




30) 



2,060 


270 


2,080 


1,511 


10,172 


1,241 


8,092 8,945 


134,424 


142.464 300 


6,295 


647 


6,295 > 


2,416 


■18,831 


1,769 


12,536 


36,145 


218,398 ; 250,875 1 330 


6,295 647 , 6,295 , 


2,416 


18,831 


1,769 


12,536 


36,323 


225,452 


258,087 1 300 



63361**— 21- 
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Table 46. — Mechanioal power-supply equipment and fuel uaed 





• 


Sise of plant 
(horsepower). 


EetabUahmeota. 








Power^upply equipment 


■ 








t 


Nnm- 
ber. 


Aver- 
age sice 
(horse- 
power). 


Aggregate 
horse- 
power. 


Prime movers. 


1 


Total 
hon^ 
power. 


Steam engines. 


Steam turbines. 


IntemalKMmibua- 
tioD engines. 


Water 


wl^geels. 


Num- 
ber. 


HOTB^ 

power. 


Num- 
ber. 


Horee- 
power. 


Num- 
ber. 


Home* 
power. 


Num- 
ber. 


Horse- 
power. 


1 


2 


8 


4 

« 


5 


6 


1 

7 


8 


9 


10 


11 


12 


13 


14 


15 




Nop< 

StMZ 

1- 
fit 


Dwer 


60 






















opower only: 
























lU 
18 
33 


77 

345 

1,415 


8,803 

6,2:i7 

46,847 


8,803 

6,237 

46,847 


206 
103 
722 


8,668 

5,537 

31,145 


8 

3 

25 


135 

700 

15,702 












n-UXi 












91 ftnd ahovA 
























165 


374 


61,887 


61,887 


1,031 


45,350 


36 


16,537 










M 












Purei 
2L 


liased electric 
^er only: 

-aoo.... 


226 
10 

1 


28 

278 

1,131 


6,344 
2,784 
1,131 
















« 






n-nM 










. 










•g 


501 and abore. . . 

• 




















9 




















M 


237 


45 


10,259 




















1 




















AUol 
1- 


^ber power: 
-aoo.. 


101 
33 
29 


80 

318 

1,780 


8,141 
10,560 
51,673 


6,088 

7,501 

43,441 


139 
142 
443 


4,006 

6,441 

18,701 


8 



31 


126 



14,425 


16 

2 

10 


311 

35 

1,788 


10 
12 
49 


1,645 
1,025 
8,527 


^ 


)1^500 


)1 and above. . . 




Total power... 
Grand total.... 


163 


431 


70,374 


57,030 


724 


29,148 


39 


14,551 


28 


2,134 


71 


11,197 




565 


252 


142,520 


118,917 


1,755 


74,498 


75 


31,088 


28 


2,134 


71 


11,197 




615 




142,520 


118,917 


1,755 


74,498 


75 


31,088 


28 


2,134 


71 


11,197 




Nop< 

Steazi 
1- 

5C 


• 
iwer 


21 


























opower only: 


























31 
24 
14 


98 
314 
1,925 1 


3,054 

7,503 

26,988 


3,054 

7,503 

ao,988 


36 
41 

58 


3,054 

7,003 

21,696 




1 
13 




500 

5,292 










1 


)l-fi00 










• 

IB 


)1 and above 










fl 


i 










1 


69 


545 


37,545 


37,545 


135 


31,753 


" 


5.702 










2 










i 

1 
1 


Parol 
pov 

2( 
5( 


lased electric 

ror only: 

-200 


113 
5 
3 


23 
194 
768 


2,625 

971 

2,304 














^ 






)l-500 














«•■•••■•»•« 






)1 and above. . . 












........ 








•g 




121 


49 


5,900 




















«« 




















1 


Allot 
1- 
2( 


.her power: 
-200 


53 
28 
21 


102 

297 

2,^ 


5,422 

8,333 

46,878 


3,844 

7,082 

32,698 


33 
25 
40 


2,895 
3,710 
9,386 




5 





7,875 


7 
2 
2 


69 
170 
227 


13 
30 
33 


880 

3,202 

15,210 


)l-«00 


g 


)l and above. . . 


» 


Total power... 
Grand total 


102 


505 


60,633 


43,624 


98 


15,991 


5 


7,875 


11 


466 


76 


19,292 




292 


356 


104,078 


81,109 


233 


47,744 


19 


13,667 


11 


466 


76 


19,292 




313 




104,078 


81,109 


233 


47,744 


19 


13,667 


11 


466 


76 


19,292 




Nop" 

Steal 
1 

5(. 


ower 


1,614 






















n power only: 


■ " 




















80 

22 

3 


72 
307 
515 


5,783 
6,769 
1,545 


5,783 
6,769 
1,545 


91 
50 
11 


5,688 
6,769 
1,535 


2 

1 


95 



10 












Dl-fiOO 












)1 and above 
























105 


134 


14,097 


14,007 


152 


13,992 


3 


105 
















« 


■ 

2 


Pure 


based electric 

irer only: 

-200 


12,605 

I 


4 
265 
678 


49,332 
1,060 

678 


• •••••••••a 


















Dl-^SOO 






















01 and above. . . 






,,.,.. 












c 




12,610 


4 


51,070 


1 














• 


! 














Allot 
1 

a 

8 


ther power: 
-200 


291 
11 

7 


23 

321 

1,225 


6,632 
3,537 

8,578 


4,269 
2,856 
5,375 


53 
25 
13 


2,071 
2,781 
2,665 


1 

4 


10 



2,150 


179 




1,608 


1 


14 
2 

7 


580 

75 

560 




01-500 

01 and above. . . 




Total power... 
Grand total.... 


309 


61 


18,747 


12,500 


91 


7,517 


5 


2,160 


179 


1,608 1 


23 


1,215 




13,024 


6 


83,914 


26,597 


243 


21,509 


H 


2,265 


179 


1,608 . 


23 


1,215 




14,638 




83,914 


26,597 


243 


21,509 


8 


2,265 


179 


1,608 i 


23 


1,215 
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hy mduBtry subgroups, by charaeter of power supply — Continued. 



Fover-supply equipment— ContiniiAd. 


Electric motors. 


Fuel used. 


Operated by purchased energy. 


• 

Total. 


Run by current cen- 
erated in establish- 
ment. 


Coal. 




Total 
horsepower. 


Electric motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 

24 


Bitumi- 
nous (short 
tons). 


Total 
eauivalent 

bitumi- 
nous (short 

tons). 


Coke 

(short 
tons). 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


1 


16 


17 


18 


19 


90 


21 


22 


23 


25 


26 

4 


27 










• 






- 


653 


6,546 


7,088 







** 
















* 








233 

480 
2,931 


1,541 

2 506 

29,107 


233 

480 

2,031 


1,541 

2,596 

29,107 


37,960 

16,085 

218,474 


83,396 

53,452 

344,156 


117,385 

67,882 

540,156 




















*•**'***"*** 




703 




















3,644 


33,244 


3,644 


33,244 


272,450, 


481,003 


726,403 


703 












6,844 
2,784 
1,131 


1,524 

356 

62 


6,344 

2,784 
1,131 


• 


1,524 

355 

62 


6,344 
2,784 
1,131 






21,165 

3,188 

30 


41,451 

21,546 

8,980 


60,351 

24,406 

9,007 


226 




























10,260 


1,041 


10,250 




1,941 


10,250 






24,383 


71,977 


93,764 


226 










2,063 

. 3,050 

8,232 


296 
338 
792 


1,095 
2,839 
8,232 


358 
220 


351 

451 

2,297 


2,515 

3,817 

29,819 


53 

113 

1,505 


820 

978 

21,587 


21,300 
43,171 
67,535 


66,367 

58,240 

270,981 


75,467 

97,040 

337,531 




91 

196 






13,344 


1,428 


12,760 


578 


3,099 


36,151 


1,671 


23,385 


132,006 


301,547 


510,047 


285 


23,603 


3,360 


23,025 


578 


8,684 


79,654 


5,315 


56,629 


428,818 


044,527 


1,329,214 


1,215 


23,603 


3,360 


23,025 


578 


8,684 


79,654 


5,315 


56,629 


429,501 


061,073 


1,336,302 


1,215 


















1,078 





970 


6 




■■."••":■:; 






















8 

317 

1,100 


216 
1,057 
9,396 


8 

317 

1,100 


216 
1,957 
9,398 


6,008 
18,747 
58,105 


15,133 
20,347 
19,538 


20,535 
46,219 
71,918 


7 





















17,406 




1 










1,425 


11,571 


1,425 


11,571 


82,045 


64,018 


138,672 


17,415 






.......... 


2,625 

*71 

2,304 


410 
116 
104 


2,625 

971 

2,304 




410 
116 
104 


2,625 

971 

2,304 






1,613 




8,068 
2,487 
6,224 


1 

10,400 
2,487 
6,224 


844 




















5,900 


630 


5,900 




630 


5,900 






1,613 


17,669 


19,120 


844 










1,578 

1,251 

14,180 


181 

99 

559 


1,315 

1,251 

14,180 


263 




234 

136 

1,028 


1,463 

1,704 

20,045 


53 

37 

460 


148 

453 

14,865 


9,064 

2,605 

31,761 


21,795 
20,050 
48,918 


29,967 
23,330 
77,484 


237 




17,000 


839 


16,746 


263 


1,398 


32,212 


550 


15,466 


43,540 


91,663 


130,781 


237 


22,900 


1,469 


22,646 


263 


3,453 


49,683 


1,984 


27,087 


128,098 


173,350 


288,573 


18,496 


22,900 


1,460 


22,646 


263 


3,453 


40,683 


1,984 


27,037 


129,176 


173,350 


289,543 


18,602 
















■ 


2,282 


415 


2,465 


15 














■ 




* 








482 

1,534 

294 


2,023 

a; 662 

868 


482 

1,534 

294 


2,023 

2,662 

868 


17,978 

12,463 

572 


21,368 

20,437 

4,670 


37,568 

31,637 

6,185 













































2,310 


5,553 


2,310 


5.553 


• 31,013 


46,475 


74,290 















40,332 

1,060 

678 


39,645 
60 
49 


49,332 

1,060 

678 




30,645 
60 
49 


49,332 

1,060 

678 






232, 2fW 

511 




20,474 

602 




1 

228^474 

1,062 




8^964 











! 







51,070 


39,754 


51,070 




39,754 


51,070 






232,780 


21,066 


' 220,626 


8,964 










2,363 

681 

3,203 


506 
189 
665 


1,602 

681 

3,203 


761 




668 

426 

1,231 


2,133 

1,620 

* 6,328 


162 
237 
576 


531 

939 

3,125 


6,550 
3,505 
3,080 


11,449 
15,858 
34,883 


17,349 
19,008 
37,663 


369 




6,247 


1,350 


5,486 


761 


2,325 


10,081 


075 


4,595 


13,144 


62,190 


74,020 


309 


1 57,317 


41,104 


56,556 


761 


44,389 


66,704 


3,285 


10,148 


278,937 


129,731 


377,836 9,333 


57,317 


41,104 


56,556 , 761 


44,389 


66,704 


3,285 


10,148 


270,219 


130^146 


380,301 9,348 

-. ,, 1 
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Table 46. — Mechanical power-supply equipment arid fuel used 





1: 
1 

1 


Size of plant 
(horsepower). 


Establishments. 








Power-supply equipment 


■ 








• 


Nnm- 
ber. 


Aver- 
age size 
(horse- 
power). 


i 

Aggregate 
horse- 
power. 








Prime movers 










s 

b 


Total 
horse- 
power. 


Steam engines. 


Steam turbines. 


Intemal-combus- 
tion engines. 


Water wheels. 


1 

a 

M 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 

« 


Num- 
.ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


Iff 




fNop 

Steal 

1 

2 


ower 


151 

37 
3 
5 


























nppwer only: 


103 

329 

1,953 


3,797 

986 

9,765 


3,797 

986 

9,765 


42 

6 

38 


3,722 

720 

8,365 


1 
2 
2 


75 

266 

1,400 












Dl-iSOO 












i\t A«%^ Al^t^WTrfk 












OwA fkuvi aii/uro. . . 


1 








45 


323 


14,548 


14,548 


86 


12,807 


5 


1,741 












........ 








• 

1 


Pure 
2 


Jiased electric 
wet only: 
-200 


582 
6 
5 


9 

314 

1,013 


5,436 
1,883 
5,064 




















01-500 




















•** 


ni on/t oKrMrA 




















^ 






















1 


503 


21 


12,383 
















• 


















• 


Alio 
1 
2 
5 


ther power: 
-200 


60 

13 

6 


44 

385 

2,238 


2,612 

5,000 

13,426 


2,046 
2,992 
3,962 


12 
13 
71 


745 
2,226 
3,950 



2 
6 




300 




32 


1 


636 

2 


16 

4 



665 

467 



n 


01-500 

01 and above. . . 




Total power... 
Grand total.... 


79 


266 


21,038 


8,990 


96 


6,920 


2 


300 


33 


638 


20 


1,132 




717 


67 


47,969 


23,538 


182 


19,727 


7 


2,041 


33 


638 


20 


1,132 




868 




47,969 


23,538 


182 


19,727 


7 


2,041 


33 


638 


20 


1,132 




Steal 

1 
2 


npower only: 


3 

1 
14 


90 

450 

5,340 


275 

450 

74,814 


275 

460 

74,814 


7 

1 

189 


275 

450 

54,604 






r 7 






20,120 












ni-jinn 










• 


KJI^tnA' ..•»....•. 










s 


Ova nxiu aw to . . . 









9 


. 18 


4,300 


75,539 


75,539 


197 


55,419 


7 


20,120 










c 










n 


Alio 

5 


ther power: 
01^500 


1 
8 


460 
13,480 


460 
107,834 


410 
107,446 


- 3 
65 


410 
30,015 



3 



2,900 



39 



74,405 




4 




126 




01 and above... 


Ji 


Total (power) . 


9 


12,030 


108,294 


107,866 


58 


30,425 


3 


2,900 


39 


74,405 


4 


126 




27 


6,800 


183,833 


183,395 


265 


85,844 


10 


23,020 


39 


74,405 


4 


126 




Steal 

1 
2 


npower only: 


1 

3 

40 


1 

290 

4,630 


110 

870 

185,261 


110 

870 

185,261 


2 

15 
513 


110 

870 

151,013 






44 






34,248 


1 

1 

1 








01-500 










Al «%v*^ ««W4^w.M 












Ovji iwu auvvc. . . 










44 


4,240 


186,241 


186,241 


530 


151,993 


44 


34,248 


1 












"p 


Pure 

po^ 

1 

o 


hased electric 
wer only: 
-200 


10 
2 
6 


152 

356 

2,040 


1,524 

712 

12,245 












1 
1 
1 






h 


m cnA 


















1 


501 and above... 




•■•.•.>> 






' 




••••«•■> 












1 








iS 


18 


804 


14,481 










1 






g 



















1 


Alio 

1 
2 


ther power: 
-200 


3 

5 

42 


110 

370 

8,780 


331 

1,841 

368,772 


235 

1,728 

301.739 


4 

16 

597 


235 

1,728 

199,964 



16 
94 




1,728 

41,093 






25 






69,747 





8 






935 


01^500 


QD 


lOl and above. .. 


^ 


Total (power). 

> 

Steam power only: 
501 and above. .. 

All other power: 
501 and above... 

Total (power). 

1 


50 


7,418 


37(^944 


303,703 


617 


201,927 


94 


41,093 


25 


59,747 


8 


935 




112 


5,100 


671,666 


489,943 


1,147 


353,920 


1 138 


75,341 


25 


50,747 


8 


936 




2 


1,343 


2,685 


2,685 


12 


2,685 








1 








•hi 










^2 

11 


3 


22,807 


68,421 


19,900 


40 


14,400 


G 


5,000 


I 2 


500 










5 


14,221 


71,106 


22,585 


52 


17,085 


G 


5,000 


2 


500 
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by %7idu8try tuhgroupi, hy charaetar of power supply — Continued. 



Powercapply equipment— Continued. , 


Electric motors. 


Fuel used. 


Operated by purchased energy. 


Totol. 


Run by current gen- 
erated in establish- 
ment. 


Coal. 




Total 
horsepower. 


Electric motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 
tons). 


Coke 

(short 

tons). 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




16 


17 

• 


18 


19 


20 


21 


22 


23 


24 


2A 


26 


27 


















309 

6,511 

1,522 

14,919 


60 

18,236 
23,770 
79,822 


338 

22,096 
25,140 
93,222 


4 










96 
205 
776 


725 
1,145 
7,102 


98 
205 
778 


725 
1,145 
7,102 


1.148 
1 4/M 


















X, too 

1,072 




... 














1,077 


8,972 


1,077 


8»972 


22,952 


119,828 


140,458 


3,678 










5,436 
1,883 
5,064 


2L064 
154 
396 


5,436 
1,883 
5.064 




2L064 
154 
396 


5,436 
1,883 
5,064 






3,395 
344 
579 


11,702 

&495 

17,991 


14,782 

8»805 

18^521 


IAS 








50 








62 










12; 383 


2,614 


12,383 




2,614 


12,383 






4^318 


38,188 


42,088 


267 


566 
2; 008 
9,474 


186 
170 
594 


399 
2; 008 
9,474 


167 




186 
195 
507 


399 
2,167 
9,481 




25 

3 




150 

7 


1,176 

8 

23,582 


2,309 
27,838 
45,505 


8,369 
27^845 
66»705 




5a 




12,048 


950 


11,881 


167 


978 


12; 047 


28 


166 


24,765 


75,652 


97,919 53 


24,431 


3,564 


24,264 


167 


4,669 


33,402 


1,105 


9,138 


52,035 


233,668 


280,465 


3,998 


24,431 


3,564 


24,264 


167 


4,669 


33,402 


1,105 


9,138 


52,344 


233,728 


280,803 


4,002 










2 



407 


100 
0' 
16,513 


2 



- 407 


100 



16,513 


• 





27,330 


744 

1,500 

200,198 


744 

1,500 
233,696 


54,977 

75,000 

1,368,358 


































409 


16,613 


409 


16,613 


27,330 


211,440 


235,940 


1,498,335 












50 
388 


1 

8 


50 
388 






1 
306 


50 
65,055 



298 



64,667 



13,186 


1,400 
60,814 


1,400 
72,414 


70,000 
1,604,486 


438 


9 


438 





307 


85,105 


298 


64,667 


13,186 


62,014 


73,814 


1,674,488 


438 


9 


438 





716 


81,718 


707 


81,280 


40,516 


273,454 


309,754 


3,170,821 










1 

101 

4,203 


15 

1,480 
83,349 


1 

101 

4,203 


15 

1,480 

83,349 




148 

101,584 


556 

23,540 
1,434,581 


566 

23,674 
1,526,007 













8,407 
19 607 




























4.305 


84.R44 i 4.3a& 


cMy Ov% 


101,732 


1,458,877 


1,560,237 


23,004 










-MfV^^V _, ___ 1 , _ 


1,524 

712 

12,245 


79 

62 

327 


1,524 

712 

12,245 




79 

62 

327 


1,524 

712 

12,245 






141 

81 

952 


1,417 

73 

19,302 


1,543 

146 

20.157 


276 

















2 174 










14,481 


468 


14,481 




468 


14,481 


• 




1,174 


20,792 


21 846 


2 ASi% 










96 

113 

67,033 


13 

11 

5,583 


96 

113 

66,783 






250 


13 

55 

18,238 


96 

357 

412,418 



44 

12,853 




244 

345,635 




150 

418,215 


2,400 

19,920 

2,047,270 


2,400 

20,065 

2,423,688 


2,000 

926 
60,313 


67,242 


5,607 


66,992 


250 


18,304 


412,871 


12,607 


345,635 


418,365 


2,069,500 


2,446,123 


83,244 


81,723 


6,075 


81,473 


250 


23,077 


512, 196 


17,002 


430,723 


521,271 


3,549,059 


4,018,206 


88,608 










264 


11,531 


264 


11,531 


23,178 


6,994 


27,794 


1.602 












48,521 


2,396 


48,521 





3,660 


73,835 


' 1,264 


25,314 


9,620 


209,735 


218,385 


18,778 


48,521 2,396 


48,521 





3,924 


85,366 


1,528 


36,845 


32,798 


216,628 

1 


246,179 


20,380 



100 A SUPBRPOWEB SYSTEM FOE THE BEQION BETWEEN BOSTON AND WASHINGTON. 

Table 46. — Mtdianioal power-mipply equipment and fuel tued 





• 


Site of plant 
(honepower). 


Establiahmente. 


Powernnipply equipment. 


d. 


Num- 
ber. 


Aver- 
age sUe 

(fiOTBe- 

power). 


Amregate 
nors^ 
power. 


Prime moven. 


1 


Total 

hOTB^ 

power. 


Steam englnee. 


Steam turbines. 


Intemal-combua- 
tion engines. 


Water wheels. 


1 


Num- 
ber. 


Horee- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Hone- 
power. 


1 


9 


3 


4 


5 • 


6 


7 


8 


9 


10 


11 


12 


18 


14 


15 




Nop 

St«a 
1 

2. 


ower 


407 








■ 






1 












n power only: 


452 
87 
72 


• 

71 

333 

1,920 


32,166 

29,030 

138,068 


82,166 

29,030 

138,062 


535 
174 
337 


31,713 
27,045 
70,878 


9 
16 
79 


458 

1,965 

67,174 












ni_xnn 










flj 


501 and above... 


• 


.......A... 






■SI 










1 


611 


326 


199,248 


199,248 


1,046 


129,636 


104 


69,612 










] 











Pupd 
poi 

a 


based electric 

ireronlir: 

-300 


3,701 
142 
103 


26 

312 

1,050 


05,580 

44,489 

118,676 




• 






- 










M 


01.500 




















1 


m •^nH aKava 








































J 


3,946 


655 


258,745 




























• •••• ••• 


* * ' ' 


......... 






AUo 
1 
2 
5 


ther power: 
-2U0 


1,341 
165 
156 


40 

320 

2,290 


54,293 

52,501 

354,363 


38,753 

32,872 

206,706 


319 
215 
465 


16,741 

24,009 

111,465 


7 
12 
64 


286 

785 
77,678 


900 
56 
63 


15,827 

2,978 

10,622 


167 
75 
71 


5,899 
5,040 
9,043 


"o 


Dl-fiOO.... 


• 


01 and above... 


Total power... 
Omnd total.... 


1,661 


278 


461, 157 


280,333 


999 


152,275 


73 


78,649 


1,079 


29,427 


313 


19,982 


6,218 


148 


919, ISO 


479,581 


2,045 


281,911 


177 


148,261 


1,079 


29,427 


313 


19,982 




6,625 




919,150 


479,581 


2,045 


281,911 


177 


148,261 


1,079 


29,427 


313 


19,962 




1 
Nop 

Steal 

1 

s 


ower 


107 


























en power only: 








_ ^ _ __ 


















1,090 
9 


38 
314 


41,477 
2,827 


41,477 
2,827 


1,189 
18 


41,117 
2,827 


8 



360 













01-500 


























1,099 


40 


44,304 


44,304 


1,207 


43,944 


8 


360 




















J 


Pure 
2 


ihased electric 
wer only: 
-200. .. 


54 
2 


46 
378 


2,476 
757 




* 


















Dl-500 










































56 


58 


3,232 




















^ 












" * 








4i 


AU( 

1 
2 


»ther power: 
-aoo. 


466 

15 

5 


44 

278 
806 


20,476 
4,179 
4,031 


19,681 
3,407 
3,896 


103 
16 
54 


4,032 
2,280 
2,786 


1 

2 


25 


700 


211 
9 
3 


4,657 

423 

10 


364 

14 

2 


11,067 
724 
400 




iOi-500 




iOl and above... 




Total power... 
Grand total.... 


486 


50 


28,686 


26,984 


173 


9,078 


3 


725 


223 


4,990 


380 


12,191 




1,641 


46 


76,222 


71,288 


1,380 


53,022 


11 


1,065 


223 


4,990 


380 


12,191 




1,748 




76,222 


71,288 


1,380 


53,022 


11 


1,085 


223 


4,990 


380 


12, 191 




1 

Noi 

Stea 

] 
5 
I 


Miwer 


803 


























mpoweronly: 






• 














1 


^ 


509 
81 
24 


84 
303 
8B0 


42,605 
24,502 
21,340 


42,605 
24,502 
21,340 


549 
121 

77 


42,255 
24,242 
17,835 


5 
2 
8 


440 

260 

3,505 










iOi..500 








• 




SOI and Abova 
















1 




614 


144 


88,537 


88,537 


747 


84,332 


15 


4,205 








1 








PUPC 

po 

5 
• 


diased electric 

wer only: 

-200 


1,621 

30 

4 


24 
196 
743 


39,653 
8,867 
2,9*73 




















1 


iOl-500 














i 




tfll ATirl fthnvA 






• 








I 




t 




















1 


1,655 


31 


51,493 






































1 


Allc 

] 

4 
i 

1 
< 


>ther power: 

i-aoo 


723 
60 
17 


44 

296 
845 


32,072 
17 764 
14,445 


23,888 
12,372 
10,320 


225 
57 


13,524 

10,859 

9,548 


2 

1 


30 



150 


327 
5 
2 


4,834 

114 

9 


178 

27 

' 6 


1 

5,500 

1,399 

613 


& 


iOl-500; 


1 


SOI and above.. . 


1 


Total power. . . 
Grand total. . . 


800 


1 80 


64,281 


46,580 


366 


33,931 


3 


180 


334 


4,957 


211 


7,512 


• 


3,069 


66 


204,311 


135, 117 


1,113 


118,263 


1 18 


4,385 


334 


4,957 


211 


7,512 


fH 


3,872 




201,311 


135,117 


1,113 


118,263 


18 


4,385 


334 


4,957 


211 


7,512 
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hy induBtry Mgroups, by charader ofpotver «upp^^-^Oontinued. 



Power^opply equipment— Continued. 


Electric motors. 


Fuel used. 


Operated by purchased energy. 


Total. 


Run by current gen- 
erated in establish- 
ment. 


Coal. 




,TQtol 
honepowvr. 


Electric motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 

tons). 


Coke 

(short 

tons). 


-Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




16 


17 


18 


19 


20 


91 


29 


23 


24 


25 


26 


27 


















4,230 


3.304 


7,114 


1,077 




























1,213 
1,900 
9,491 


8,713 

19,788 

133,800 


1,213 
1,900 
9,491 


8,713 

19,738 

133,800 


60,628 

40,664 

243,806 


163,024 
105,987 
508,265 


216,564 
141,987 
817,865 


48,561 

24,465 

113,638 














* ■ * * • * * 


















1 


12,604 


162,251 


12,604 


162,251 


354,100 


858,176 


1,176,416 


186,664 


^ * * 








96,580 

44,469 

118,676 


13,971 

4,158 

10,144 


95,580 

44,489 

118,676 




13,971 

4,!58 

10,144 


96,580 

44,489 

118,678 






66,177 
24,835 
32,453 


102,742 

58,478 

1^,478 


162,242 

80,778 

176,578 


100,626 








31,114 
63,706 
















268,745 


28,273 


258.745 




28,273 


258,745 






123,465 


308,606 


419,506 


204,447 


' 




■•*•••••••■• 






15,540 

19,629 

145,655 


1,654 
1,726 
9,003 


13,033 

19,454 

145,455 


2,507 
175 
200 


2,331 

2,686 

14,068 


17,617 

30,664 

206,407 


677 

960 

4,975 


4,584 
11,110 
61,042 


43,105 

40,088 

153,280 


101,056 
137^558 
831,306 


140,056 

173,558 

1,068,000 


38,735 
38,182 
95,199 


180,824 


12,473 


177,942 


2,882 


19,065 


254,678 


6,612 


76,736 


235,563 


1,169,920 


1,381,614 


173,116 


439,560 


40,746 


436,687 


2,882 


50,962 


675,674 


19,216 


238,987 


713, 128 


2,336,794 


2,977,628 


664,227 


439,509 


40,746 


436,687 


2,882 


59,062 


675,674 


19,216 


238,967 


717,358 


2,340,098 


2,964,744 


565,804 





















1.105 


1.105 





















» -wv J 












10 
20 


65 
415 


10 
20 


65 
415 


1,012 



2,183 
1,807 


3,090 
1,897 


20 










80 




















30 


480 


30 


480 


1.012 


4.080 


4,967 


100 














2.475 i 116 


2,475 
757 




116 
64 


2,475 
757 


• 




11 



100 



110 






757 


64 





















3.232 


180 


3,232 




180 


3,232 






11 


100 


110 















1 
795 39 
772 99 
135 13 


730 
772 
135 


05 




45 
135 
146 


750 
1,052 
2,341 


6 

36 

133 


20 

280 

2,206 


109 



25 


184 

1,705 

12,054 


292 

1,705 

12,076 






166 


1,702 151 


1,637 


65 


326 


4,143 


175 


2,506 


134 


13,043 


14,078 


166 


4,934 1 331 


4,869 


65 


536 


7,855 


205 


2,986 


1,157 


18,123 


19, 170 


275 


4,934 


331 


4,869 


65 


536 


7,855 


205 


2,986 


1,157 


19,228 


20,275 


275 








* 










3,006 


1,405 


4,195 


1 




























409 

1,100 

888 


3,186 
9,068 
9,661 


409 

1,100 

888 


3,186 
9,068 
9,661 


35,521 
6,067 
4,665 


75,896 
87,439 
44,477 


107,864 
92,804 
48,675 


864 










1,290 










1,242 




















2,307 


21,915 


2,397 


21,915 


46,243 


207,812 


249,433 


3.326 












39,653 
8,867 
2,973 


6,406 
961 
320 


39,653 
8,867 
2,973 




6,406 
961 
320 


39,653 
8,867 
2,973 






13,779 
807 
870 


13,524 
1,629 
2,294 


25,926 
2,437 
8,077 


1,636 








3.099 



















51,493 


7,687 


51,493 




7,687 


51,493 






15,546 


17,447 


31,440 


4,735 










8,184 
5,392 
4,125 


864 
504 
318 


5, 114 
5,142 
4,125 


3,070 

250 




1,098 
823 
722 


6,608 
7,910 
7,937 


234 
319 
404 


1,494 
2,768 
3,812 


9,962 
3,262 
7,215 


31,947 
25,239 
41,888 


40,947 
28,174 
48,379 


1,141 

1,678 




17,701 


1,688 


14,381 


3,320 


2,613 


22,455 


057 


8,074 


20,439 


99,074 


117,500 1 2,819 


60,194 


9,373 


65,874 


3,320 


12,727 


95,863 


3,354 


29,980 


82,228 


324,333 


398,373 


10,880 


60,194 


9,373 


65,874 


3,320 1 17,727 


95,863 1 3,354 


29,989 


85,324 325,738 i 402,568 10,881 
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Table 46. — Medianical power-supply equipmmt and fuel used 





• 


1 
t 

Siseofphmt 
(honepower). 


Establishments. 








Pow«r«apply •quipn^ent 


ft 






d 


Num- 
ber. 


Aver- 
age slxe 
(fiorso- 
power). 


1 

Aflxregate 
norse- 
power. 










1 






6 


Total 
horse- 
power. 


Steam engines. 


Steam turbines. 


Internal-combus- 
tion enginflB. 


Water wheels. 


2 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


9 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


Iff 




Nop 

1 
21 


ower 


14 




1 




















• 


-200 


60 
27 
17 


08 

291 

1,280 


6,710 

7,895 

21,784 


6^710 

7,895 

21,784 


82 
56 
49 


6,610 

7,506 

13,147 


4 

3 
16 


200 

300 

8,637 






.... 




1 

«3 


^IM#. . ........... 

Dl-500 










ni «Lr\A AhnvA i 




1 








1 




113 


322 


36,389 


36,389 


187 


27,262 


22 


9,137 










•d 




• 




9 


Pure 
poi 

2^ 


based electric 

reronly: 

-200 


94 

12 

2 


55 
383 
586 


5,123 
4,603 
1,173 














1 




C 


m_Rnn 




















g 


601 and above. . . 




















W 




















1 


108 


101 


10,899 






































1 


Allc 

1 

a 

5 


ther power: 
-200 


63 
fiO 

18 


96 

295 

1)100 


6,061 
14,772 
19,808 


4,230 
9,819 
8,047 


55 
82 
32 


4,017 
9,156 
7,600 












5 
3 

1 


73 

335 

20 


8 
4 
6 


140 
829 
527 


& 


91-600 


A 

1 


01 and above. . . 


Total power. . . 

Orand total.... 

• 


131 


310 


40,641 


22,096 


169 


20,672 








9 


428 


12 


996 


.^ 


352 


250 


87,929 


68,485 


356 


47,924 


22 


9,137 


9 


428 


12 


996 




366 




87,929 


68,485 


356 


47,924 


22 


9, 137 


9 


428 


12 


996 




1 
Nop 

Bteai 
1 
2 
I 


ower 


S21 


























Dipower only: 


























151 

10 

8 


84 

320 

1,827 


12,629 

6,095 

14,620 


12,629 

6,095 

14,620 


163 
32 
19 


12,629 
6,056 
6,026 




1 
10 




40 

9,595 












jOl-SOO 












A1 And ahnVA 










• 












178 


187 


83,344 


33,344 


214 


23,709 


11 


9,635 




















1 


Pure 
po' 

t 


based electric 

jirer only: 

-200 


1,750 

20 

5 


11 

293 

1,058 


18,709 
6,863 
5,289 












- 








jOl-SOO 




















« 


iOI and ahovfk 




















c 






















te 


1,776 


17 


29,951 




















5 




















! 


AUG 

1 


itber power: 
-200.. 


367 

30 

5 


33 

312 

1,066 


12, 174 
9,362 
5,331 


3,622 
6,606 
2,505 


44 

38 
11 


2,488 
4,670 
2,605 



7 





1.356 
i,«o 


'I 




871 




9 
6 



163 

680 




X)l-600 


€ 


iOl and above. . . 




Total power... 
Grand total.... 


402 


67 


26,857 


12,632 


93 


9,663 


7 


1,355 


76 


871 


15 


743 




2,355 


38 


90,152 


45,976 


307 


33,372 


18 


10,990 


75 


871 


15 


743 




2,876 




90,152 


45,976 


307 


33,372 


18 


10,990 


75 


871 


15 


743 




1 

8tea 

1 

I 


nopower only: 


10 
17 
33 


172 

345 

2,050 


1.720 

5,876 

67,879 


1,720 

5,876 

67,879 


18 

46 

251 


1,720 

5,376 

52,461 




2 

20 




500 

15,418 


' 










»l-500 












iOl and above 
























00 


1,258 


76,475 


75,475 


315 


50,567 


22 


15,918 










• £• 










I 

1 


Pure 
po 

S 


based electric 

wer only: 

1-200 


3 
3 

5 


136 

347 

1,009 


409 
1,040 
6,047 




















!0l-500 




















iOl and above 




















1 


' 




















11 


500 


6,496 




















1 




















AUG 

1 

i 


tther power: 
-200 


33 

55 
138 


204 

338 

2,700 


6,737 

18,506 

374, 782 


6,624 

16,023 

327,901 


55 

82 

633 


4,204 

9,206 

111,85S 




1 
38 




150 

21,988 



4 

11 




50 

1,746 


50 

89 

643 


2,420 

6,615 

192,309 


• 


»l-500 


)01 and above... 




Total power... 


226 


1,770 


400,115 


350,548 


770 


125,270 


39 


22,138 


15 


1,796 


682 


201,344 




297 


1,620 


482,086 


426,023 


1,085 


1W,S27 


61 


38,056 


15 


1,796 


682 


201,344 



INDUSTBY IN THE SUPEBPOWBR ZONE. 



108 



by induBtry subgroups, by character of power supply — Continued. 



Power-supply equipment-Cantlnued. 


Electric motors. 


Fuel used. 


Operated by punJbased energy. 


Total. 


Run by current gen- 
erated in establish- 
ment. 


Coal. 




Total 
horsepower. 


Eleetrte motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 
tons). 


Coke 

(short 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


tons). 


Number. 


Horse- 
power. 




16 


17 


18 


19 


90 


SI 


29 


93 


24 


25 


26 


27 








• 










925 


762 


1,594 


94 










60 

96 

1,698 


713 

937 

23,541 


60 

96 

1,698 


713 

937 

23,541 


3,916 

9^871 

26,609 


30,564 

62,323 

170,468 


34,092 

71^323 

194,417 
























58 




















1,854 


25,191 


1,854 


25^191 


40,396 


263,355 


299^832 


58 












5^123 
4,608 
1,173 


603 

337 

32 


5^123 
4,608 
1,173 




603 

337 

32 


5^123 
4^603 
1,173 






2,586 

497 




20,506 

21,270 

1,802 


22,835 

21,720 

1,802 


2,000 








200 



















10,809 


972 


10^899 




972 


10^809 







3,083 


43,577 


46,357 


2,200 


1,831 

4,953 

11,761 


130 
354 
545. 


1,468 

4^953 

11, 761 


363 




175 
483 
810 


2,006 

6,656 

14,344 


45 
129 
265 


538 
1,708 
2,583 


4,243 
14,558 
14,943 


22,795 
53,215 
47,673 


26^611 
66»319 
61,119 


60 
8 


18,545 


1,029 


18^182 


363 


1,468 


23,006 


439 


4,824 


33,744 


123,683 


154,049 


68 


29,444 


2,001 


29,081 


363 


4,294 


59^096 


2,293 


30,015 


77,223 


430,615 


500^238 


2,326 


29,444 


2,001 


29,061 


363 


4,294 


59,096 


2,293 


30^015 


78^148 


431,377 


501,832 


2,420 














. 




1,153 


470 


• 

1,505 


1 


























456 

403 

1,838 


2,409 
2,701 
9,948 


456 

403 

1,838 


2,409 
2,701 
9,948 


17,223 

8,422 

12,029 


44,372 
13,427 
62,528 


59,872 
20,987 
73,328 


443 






. 


































2,697 


15,058 


2,697 


15,058 


37,674 


120,327 


154,187 


443 












18,799 
5,863 
5,289 


6,007 

1,215 

607 


18,799 
5,863 
5,289 




5,007 

1,215 

607 


• 

18,799 
5,863 
5,289 






15,352 
3,852 
1,885 


26,721 

11,317 

7,340 


40,621 

14,777 

9,030 


207 




























29,951 


6,829 


29,961 




6,829 


29,951 






21,089 


45,378 


64,428 


207 










8,652 
2,747 
2,826 


605 
533 
308 


2,650 
2,747 
2,826 


6,002 




675 
649 
333 


2,946 
3,612 
3,283 


70 

116 

25 


296 
865 
457 


2,715 
3,680 
2,896 


13,143 

27,798 

8,642 


15,403 
31,103 
11,242 


106 




14,225 


1,446 


8,223 


6,002 


1,657 


9,841 


211 


1,618 


9,291 


49,578 


57,748 


195 


44,176 


8,275 


38,174 


6,002 


11,183 


54,850 


2,908 


16,676 


68,054 


215,283 


276,363 


845 


44,176 


8,275 


38,174 


6,002 


11,183 


54,850 


2,908 


16,676 


69,207 


215,753 


277^868 


846 






' ' 




2 

34 

757 


159 

1,013 

11,392 


2 

34 

757 


159 

1,013 

11,392 


5,175 

8,871 

36,313 


4,968 

73,891 

677,183 


9,618 
709,^ 
























1,318 




















793 


12,564 


793 


12,564 


50,359 


756,042 


801,256 


1,318 










409 
1,040 
5,047 


39 

26 

102 


409 
1,040 
5,047 




39 

26 

102 


409 
1,040 
5,047 






4/264 


2,000 

2,555 

31,788 


5»840 

3,140 

31,788 











652 

























6,496 


167 


6,496 




167 


6,496 




1 
............1 


4,916 


36,343 


40,768 











'""I 




113 

2,573 

46,881 


6 

124 

1,542 


113 

2,573 

45,371 






1,510 


19 

174 

3,202 


255 

3,366 
89,697 


13 

50 

1,660 


142 

793 

44,326 


11,613 

15,851 

463,652 


35,348 

78,855 

849,164 


45,848 

98,055 

1,266,164 




522 

8,173 


49,567 


1,672 


48,057 


1,510 


3,395 


93,318 


1,723 


45,261 1 491,116 


963,367 


1,405,067 


8,606 


56,063 


1,839 

1 


54,553 


1,510 


4,365 


112,378 2,516 


57,825 1 546,391 


1,755,752 


2,247,087 


10,013 
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Tablx 46. — Mechanical power-mipply equipment and fuel used 







• 


SIse of plant 
(bonepower). 


Establkhmeots. 








Power-supply equipment. 










d 


Num- 
ber. 


Aver- 
age siM 
(nofse- 
power). 


Aggregate 
norse* 
power. 








Prime movers 


• 








i 

3 


Total 
horse- 
power. 


Steam engines. 


Steam turbines. 


Intemal-combtts- 
tion engines. 


Water wheels. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


19 


18 


14 


16 




Nop< 

Steu 
1 


ower 


95 


























n power only: 


50 
18 
11 


63 

312 

1,303 


3,164 

4,065 

14,329 


8,164 

4,055 

14,329 


52 
25 
32 


3,024 
4,055 

7,567 


2 



16 


140 



6,772 












Dl-600 












ni an/1 o hour A 






















-: 


74 


290 


21,548 


21,548 


109 


14,686 


18 


6,912 










1 








.^^_^,^_ 


Puid 

a 


tiased electric 

reronly: 

-300 


807 
10 

1 


18 
803 
846 


14,195 

3,028 

846 




















8 


01-500 




















§ 


ni anil AhAVA 




















3 






















a 


81S 


22 


18,069 




















c 








"*"■■"* 


••.. 










i 


AUol 
1- 

a 


ther power: 
-200.. 


129 

12 

5 


37 

337 

1,493 


4,768 
4,048 
7,464 


8,364 
2,680 
4,501 


34 

15 
11 


1,981 
1,966 
2,651 



1 

1 




35 

1,500 


64 
1 



919 
4 




12 
7 
3 


514 
635 
850 


• 


01-500 


€ 


01 and above. . . 




Total power... 
Grand total 


146 


112 


16,270 


10,495 


60 


6,588 


2 


1,585 


65 


923 


22 


1,499 




1,038 


54 


55,887 


32,043 


169 


21,174 


20 


8,447 


65 


923 


22 


1,499 




1,133 




55,887 


32,043 


169 


21,174 


20 


8,447 


65 


923 


22 


1,499 




Nop 

Steal 
1 

a 

fii_ 


ower. ...J.. ••.... 


2,504 


























n power only: 


























55 

14 
13 


53 

312 

1,150 


2,927 

4,371 

13,794 


2,927 

4,371 

13,794 


60 
30 
47 


2,917 

4,146 

13,574 


1 
1 
2 


10 
225 
220 












01..500 












01 And AbmvA 






















a 


1 


81 


261 


21,092 


21,092 


187 


20,687 


4 


455 


















1 
1 


Puid 

a 

5L 


tiased electric 
rer only: 
-200.... 


0,333 
42 

17 


15 

297 

1,040 


97,799 
12,531 
17,781 




















& 


}l-500 




















•g 


Ql And above 




















9 






















t 


6,392 


20 


128,111 






























.... 








All 01 
1 

a 

6 


tber power: 

-aoo.. 


462 

12 




17 
273 
888 


7,980 
3,284 
7,989 


4,953 
1,560 
4,105 


46 
10 
28 


2,453 

965 

3,805 


2 

1 


42 



200 


338 

5 
1 


2,171 
195 
100 


16 
8 



287 

400 




(^4 


01-500 


i 


01 and above. . . 




Total power... 
Grand total.... 


488 


« 


19,253 


10,618 


84 


7,223 


3 


242 


339 


2,466 


24 


687 




6,956 


24 


168,456 


31,710 


221 


27,860 


7 


097 


339 


2,466 


24 


687 




9,460 




168,456 


81,710 


221 


27,860 


7 


697 


339 


2,466 


24 


687 




Nop 

Steal 

1 

a 

5 


ower 


121 


























n power only: 
















J 










77 
37 
46 


87 

338 

1,245 


6,715 
12,515 
57,296 


6,715 
12,515 
67,296 


150 
198 
390 


6,570 
12,027 
55,502 


2 

6 

15 


145 

488 

1,794 












01-500 












01 And Above. .. 






















• 


160 


480 


76,526 


76,526 


738 


74,099 


23 


2,427 










Sp 










1 


Purd 
6 


baaed electric 
ver only: 
-200.... 


915 

1 


5 
525 


4,964 
525 






















01 And Above... 




















g 






















916 


6 


5,479 







































1 


Alio 
1 

a 


ther power: 
-200 


170 
40 
17 


34 
327 
770 


5,826 
13,071 
13,032 


4,544 

10,841 

9,851 


115 
234 
138 


3,958 

10,490 

9,245 


1 
2 
3 


5 

150 

6 


96 
6 



554 

160 



20 
13 

1 


27 

41 

600 


Ol-QQO 


r» 


01 and above... 

• 




Total power... 
Grand total.... 


227 


140 


31,929 


25,236 


487 


23,693 


6 


161 


102 


714 


34 


668 




1,303 


88 


113,934 


101,762 


1,225 


97,792 


29 


2,588 


102 


714 


34 


668 




1.424 

1 ■ ■ 


113,934 


101,762 


1,225 


97,792 


29 




. 2,588 


102 


714 


34 


668 
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hyvnduiiry 9ubgroup%, hy duaucUit of porver twpply — Continued. 



Power-sapply equipment— Contlkiued. 


Electric motors. 


Fuel used. 


Operated by purchased energy. 


Total. 


Run by cuzrent sen- 
ereted In estabjJah- 
ment. 


Coal. 




Total 
honepower. 


Sleetrle mototB. 


Other 
(horse- 
power). 


Anthradte 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 
tons). 


(^ke 
(short 
tons). 


Number. 


Horse- 
power. 


Number. 


dorse- 
power. 


Number. 


Horse- 
power. 




16 


17 


18 


10 


20 


21 


92 


28 


24 


25 


26 


(»7 


















166 


801 


441 













188 
800 

1,561 


786 
2,727 
9,388 


188 

800 

1,551 


786 
2,727 
9,338 


8,502 

7,896 

36,131 


10,806 
13,604 
47,028 


18^646 
20L7O4 
79,628 


200 








' 













JS7R 




















2^589 


12; 851 


2,639 


12; 861 


52; 529 


71,527 


118^777 


776 












14,196 

8,028 

846 


^5S 

478 
56 


14,196 

3,028 

846 




5^028 

478 

56 


14,195 

3,028 

846 






10; 177 

690 




19,755 

2; 837 




28^965 

8,367 




89 








75 



















18^060 


5^562 


18,080 




5,562 


18^060 






10,767 


22; 502 


32,822 


164 


1,394 
1,418 
2^963 


228 
326 
206 


1,018 
1,418 
2,968 


876 




461 
528 
266 


1,525 
2; 030 
3,618 


233 

202 

50 


507 
612 
666 


4,403 
1,167 
2.350 


0,508 

7.072 

12,843 


13,463 

9,022 

14,463 


3 

370 




5,775 


760 


5,399 


376 


1,245 


7,173 


485 


1,774 


7,929 


29,818 


36,948 


373 


23,841 


6,322 


23,468 


376 


0,346 


38,093 


3,024 


14,626 


71,225 


123,037 


188,047 


1,318 


23,841 


6,322 


23,468 


376 


9,346 


38,093 


3,024 


14,625 


71,380 


124,288 


188,488 


1,313 


















2,735 


414 


2,874 


4 




























136 

814 

2,818 


438 

3,718 

10; 886 


136 

814 

2; 318 


483 

8,718 

10; 865 


9,008 
12; 613 
35^672 


8; 984 

9,887 

17,525 


17,114 
21,172 
50,225 













1,500 





























3,268 


15^016 


3,268 


15,016 


57,283 


36,346 


88y511 


1,600 










97,799 
li531 
17,781 


36,517 
8,236 

2^786 


97.799 
1%531 
1^781 




36,517 
3»286 
2; 786 


97,799 
1^531 
it; 781 






37,447 

4,m6 

12,402 


14,867 
1,382 
1,554 


46,867 

6,267 

12,724 


348 




























128^111 


42,539 


128^111 


■•^••••••« 


42; 539 


128,111 






54^215 


17,753 


64,848 


343 


* 


* 




3,027 
1,724 
3,881 


650 

411 

1,070 


^403 
1,724 
3,884 


624 




776 

474 

2^563 


2; 601 
1,924 
8; 165 


126 

63 

1,493 


198 
200 

4,281 


10; 275 

6,783 

16,217 


6,381 

2,915 

10,617 


15,631 

9.006 

25,227 


8 
2 




8^635 


2^131 


8,011 


624 


8,813 


12,690 


1,682 


4,670 


38»255 


19,913 


49,863 


6 


136,746 


44,670 


136,122 


624 


49,620 


155^817 


4,050 


19,605 


144,753 


74,012 


203,222 


1,848 


186,746 


44,670 


186,122 


624 


40,620 


155,817 


4,050 


19,605 


147,488 


74,486 


206,096 


1,852 


















498 


2,610 


3,053 































254 

634 
1,769 


1,221 

3,318 

12,233 


254 

634 

1,769 


1,221 

3,318 

12,233 


44,665 

33,910 

140,003 


36,511 

55,811 

174,410 


76,711 

86,311 

300,410 


16 










860 










989 














« 






2,657 


16,772 


2,657 


16,772 


218,578 


266,732 


463,432 


1,879 










4,954 
525 


2,062 

• 58 


4,954 
526 




2,062 
58 


4,954 
525 






10,696 



17,519 
3,654 


• 

26,869 
3,654 


2,287 



















5,479 


2,120 


5,479 




2,120 


5,479 






10,096 


21,173 


30,523 


2,287 










1,282 
2,230 
3,181 


289 
368 
340 


1,273 
1,960 
3,181 


9 

270 



297 
483 
489 


1,302 
2,658 
4,455 


8 
115 
149 


29 

698 

1,274 


39,389 
45,732 
40,200 


27,058 
40,098 
38,388 


53,358 
81,298 
74,588 






999 


6,693 


997 


6,414 


279 


1,269 


8,415 


272 


2,001 


115,321 


105,544 


209,244 


999 


12,172 


3,117 


11,893 


279 


6,046. 


30,666 


2,929 


18,773 


344,595 


393,449 


703,199 


5,140 


12, 172 


3,117 


11,893 . 279 


6,046 


30,666 


2,929 


18,773 


345,068 


396,059 


706,252 


5,140 
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Table 46. — Mechcmical power-supply equipment and fuel ueed 







1 


Siie of plant 
(horsepower). 


Establishments. 








Power^upply equipment 


• 








• 


1 

Nmn- 
ber. 


Avor- 
fuseslze 
(horse- 
power). 


Anregate 
horse- 
power. 








Prime movers 


u 








8 


Total 
horse- 
power. 


Steam engines. 


Steam turbines. 


Intemal-oombus- 
tion engines. 


Water wheels. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


3 


3 


4 


5 


6 


7 


8 





10 


11 


rt 


13 


14 


Iff 


i 


fBteam power only: 

801-flOO 

fijland above... 

PotibaMd eleetrto 
power only: 
fiOi and above... 

Otberpower: 

fi(n and above... 

Total power. . . 


1 
4 


405 
4,289 


405 
17,167 


405 
17,167 


8 
63 


405 
7,587 



38 



9,670 









1 
1 










M 










i 


6 


3,512 


17,562 


17,562 


71' 


7,992 


38 


9,570 










^ • 










11 

li 


a 


4,255 


12,765 






































• 

Si 


2 


4,710 


9,419 


3,170 


44 


1,450 


16 


1,720 














10 


3,975 


39,746 


20,732 


115 


9,442 


53 


11,290 
















> 

rSteai 
1- 
2L 


Eipower only: 


2 
4 

7 


74 

378 

1,676 


148 

1,513 

11,738 


148 

1,513 

11,738 


3 
19 
32 


140 
1,495 
4,910 


1 

3 

14 


8 

18 

6,828 












lijtti 












501 and above... 






















13 


1,033 


13,399 


13,399 


54 


6,545 


18 


6,854 




















• 


Pard 

poi 

1< 

21 


based electric 

ver only: 

.200 


1 
2 
1 


10 

310 

2,142 


10 

620 

2,142 




















"8 


91-600 




















91 &nd Above 










































4 


093 


2,772 








































s 


AUol 
1- 

^ 


kher power: 
-200.. 


1 
3 
2 


181 

267 

1,185 


181 

801 

2,300 


20 

480 

2,150 


2 

24 

7 


20 

395 

1,112 




1 

1 




30 

330 




1 






14 






3 

22 




41 

708 




D1.500 




Dl and above... 




Total power. . . 


6 


559 


3,351 


2,650 


33 


1,527 


2 


360 


1 


14 


25 


749 




23 


850 


19,522 


16,040 


87 


8,072 


20 


7,214 


1 


14 


25 


749 




Nop 

Bteai 
1 
3 


ower...... ...... 


03 


























npoweronly: 








........ 












' t 


• 


88 
14 
26 


61 

369 

1,660 


5,360 

5,162 

43,103 


5,360 

5,162 

43,103 


187 

62 

484 


4,065 

3,223 

34,090 


46 
28 
79 


1,305 
1,939 
9,013 










1 


)l-600 










601 and above... 










128 


420 


53,625 


53,025 


733 


41,368 


153 


12,257 






••••«■••<•■•■••■■• 


M 
4 








Purd 
po, 

21 


tiased electric 

veronly: 

-200 


17 
2 


43 
313 


726 
625 




















01-500 













• 












19 


72 


1,351 




















E 


















........ 




g 


Allo( 
1 

51 


ther power: 
-200.. 


34 

7 
14 


74 

377 

3,430 


2,533 

2,636 

48,052 


1,767 

2,049 

46,351 


44 

51 
503 


811 

1,225 

32,068 


28 

16 

207 


876 

814 

11,343 


6 

1 
26 


66 

10 

2,940 


1 




14 




8 

o 


51-600 


Dl and above... 


^ 


Total power. . . 
Grand total.... 


55 


970 


53,221 


60,167 


598 


34,104 


251 


13,033 


33 


3,016 


1 


14 




202 


540 


106,197 


103,792 


1,331 


75,472 


404 


25,290 


33 


3,106 


1 


14 




265 




108,197 


103,792 


1,331 


75,472 


404 


25,290 


33 


3,016 


1 


14 




Steal 
1 
21 

5( 


opowe^ only: 


1 
3 
5 


75 

349 

4,806 


75 

1,048 

24,031 


75 

1,048 

24,031 


7 

29 
292 


73 

1,048 

13,271 


1 


2 






1 

1 




)l-600 






1 


M 


)1 and above. . . 


23 


10,760 




........... 


'.'.'.'.'.'.'.y.'.'.'.v.'.v. 


C 








■•*•• » 


1 


c 


9 


2,795 


25,154 


25,154 


328 


14,392 


24 


10,762 








% 








1 


Pure] 
pov 

AUot 
2C 
6C 


tiased electric 

irer only: 

-200 


4 


39 


147 




















■g 


,her power: 
)1-500 




















«® 


1 

7 


374 
5,835 


374 
40,842 


374 
39,492 


17 
364 


372 
14,892 



53 



12,396 


1 
25 


2 
12,204 










P4 


)1 and above... 


s 


Total power. . . 


8 


5,152 


41,216 


39,866 


381 


15,264 


53 


12,396 


26 


12,206 










21 


3,167 


66,517 


65,020 


709 


29,656 


77 


23,158 


26 


12,206 
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by induiiry subffroupB, by charaeUr of power tupply — Continued. 



Power-supply equipment— Continued. 


Electric motors. 


Fuel used. 


Operated by purchased energy. * 


Total. 


Run by current gen- 
erated in estabuah- 
ment. 


Goal. 




Total 
horsepower. 


Electric motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 


Bitumt 

nous (short 

tons). 


Total 
equivalent 

bitumi- 
nous (short 
tons). 


Coke 
(short 
tons). 


Number. 


Horse- 
power. 


Number* 


Hone- 
power. 


Number. 


Horse- 
power. 




16 


17 


18 


10 


ZO 


21 


29 


23 


24 


25 


26 


27 










62 
356 


1,711 
12,641 


62 
356 


1,711 
12,641 



3,113 


181,066 
1,431,323 


181,066 
1,434,122 







•••••••"■• 






36 045 




















418 


14,352 


418 


14,352 


3,113 


1,612,389 


1,615,188 


36,946 










12,765 


316 


12,765 




316 


12,766 






500 


1,406,938 


1,407,388 





' 








6,240 


154 


6,240 





213 


7,124 


50 


875 


464 


1,000,443 


1,000,860 





19,014 

• 


470 


19,014 





047 


34,241 


477 


15,227 


4,077 


4,019,770 


4,023,436 


36,046 








• 



328 
670 




1,431 

11,068 



328 
670 




1,431 

11,068 


792 

9,543 

21,234 




67,983 

180,102 


713 

66,533 

199,202 













































096 


12,489 


908 


12,499 


31,509 


238,065 


266,448 















10 

620 

2,142 


2 
42 

78 


10 

620 

2,142 




2 
42 
78 


10 

620 

2,142 








2,135 




10 

45 

4,700 


10 
1,955 
4,700 














***** 

















2,772 


122 


2,772 




122 


2,772 






2,135 


4,756 


6,665 













161 
321 
219 


9 
13 
11 


161 
321 
210 







9 
14 
46 


161 
336 
807 




1 

35 




15 

588 


226 

0,119 

106 



5,000 
3,570 


203 

10,500 

3,073 







701 


33 


701 





69 


1,304 


36 


603 


6,453 


8,576 


14,376 





3,473 


155 


3,473 





1,180 


16,575 


1,034 


13,102 


40,157 


251,416 


287,480 





















61,626 


225,348 


280,548 


3,146 




• ■ * 
























53 

21 

296 


819 

210 

4,000 


53 

21 

296 


819 

210 

4,000 


79,958 

68,757 

423,775 


109,818 

96,096 

1,045,529 


180,616 

167,896 

1,425,529 


17,611 

7,938 

228,741 


























370 


6.029 


370 


5,029 


572,490 


1,250,443 


1,764,011 


264,290 




..*...... 






726 
625 


55 
31 


726 
625 




55 
31 


726 
625 






10,798 
8,652 


96,521 
149,341 


105,121 
157,091 


26,125 
1,810 








1,351 


86 


1,351 




86 


1,351 






19,450 


244,862 


282,212 


27,936 








766 

587 

1,701 


64 

48 

225 


753 

587 

1,701 


13 




79 

48 

420 


1,008 

587 

4,900 


25 



105 


255 



3,190 


46,742 

753 

528,141 


96,052 
170,413 
409,365 


140,952 
171,090 
883,366 


10,634 

1,427 

311,197 


3,054 


327 


3,041 


13 


547 


6,495 


220 


3,454 


575,636 


678,730 


1,195,407 


323,258 


4,405 


413 


4,392 


13 


1,003 


12,876 


590 


8,483 


1,167,576 


2,174,035 


3,221,660 


605,483 


4,405 


413 


4,392 


13 


1,003 


12,875 


500 


8,483 


1,220,102 


2,399,383 


3,502,208 


608,629 










5 
104 
231 


21 
1,204 
4,036 


5 
104 
231 


21 
1,204 
4,936 




11,062 

395,366 




69,536 

122,396 




70,492 

478,225 
























44,479 




















340 


6,161 


340 


6,161 


406,428 


191,932 


557,717 


44,479 












147 


19 


147 




19 


147 





























1,350 



29 



1,350 







766 



19,333 



737 



17,983 


6,000 
625,225 


3,000 
193,981 


8,400 
756,683 



177,677 


1,350 


20 


1,350 





766 


19,333 


737 


17,983 


631,225 


196,981 


765,083 


177,677 


1,497 


48 


1,407 




1 


1,125 


25.641 


1,077 


24,144 


1,037,653 


388,913 


1,322,800 


222,166 
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Table 46« — MedimUad jKnoer-mipply equipmt^ 





• 


81ce of plant 
(bonepower). 


BstabUahmentB. 








Power-supply equipment 


• 








1 


Num- 
ber. 


Aver- 
age sise 
(nofse- 

nn1lnnr^ 


Aggregate 
norse- 
power. 








Prime moven 


1. 








e 

1 


Total 

hOTB^ 

power. 


Steam enginee. 


Steam turbhiee. 


Intemal-oombaB- 


Water wheels. 




Num- 
btf. 


Hone- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


2 


8 


4 


5 


6 


7 


8 





10 


11 


18 


13 


14 


Iff 




No IN 

steal 
1- 
21 


jwer 


1,084 
















». . 










oppwer only: 


344 
69 
53 


63 

328 

1,480 


21,714 
22,756 
78,476 


21,714 
22,756 
78,476 


497 
198 
879 


21,620 
20,656 
49,196 


7 
11 
81 


94 

2,100 

29,280 












)i-600 












W n.nH AhnVA ^ 










1 


Wv* •■••»• •■»»■«» ••«»••• 










406 


262 


122,946 


122,946 


1,074 


91,472 


99 


31,474 


















1 


Purcl 

pov 

1- 

2( 

iSL 


liased electric 
rer only: 
-200 . . 


943 
41 
19 


22 

312 

1,180 


20,788 
12,805 
22,488 




















S 


)i-500 




















^ 


W anH aKnva 












^ 








_a 






















< 


1,003 


56 


56,061 




















• 




















<s 


All 01 
1- 
2C 
5( 


iher power: 
-200 


281 
49 
54 


52 

321 

1,490 


14,674 
15,733 
80,433 


9,194 

9,698 

43,127 


187 
121 
459 


6,225 

8,028 

30,824 


7 

2 

21 


346 

225 

8,697 


134 
26 
30 


2,237 

615 

2,017 


16 

8 

13 


386 

830 

1,589 




)l.n500 




UandaboTe... 




Total power . . . 
Oiand total... 


384 


288 


110,840 


62,019 


767 


45,0^ 


30 


9,268 


190 


4,869 


37 


2,805 




1,853 


155 


289,867 


184,965 


1,841 


136,549 


129 


40,742 


190 


4,869 


37 


2,805 




2,937 




^,867 


184,965 


1,841 


136,549 


129 


40,742 


100 


4,869 


37 


2,805 




Nop< 

Stean 
2( 
51 


jvver 


1 


























a power only: 
H-500 


























1 
8 


400 
7,090 


400 
56,750 


400 
56,750 



113 



54,000 



2 


400 
2,750 




• 








11 And A.hnvA 






















• 


9 


6,350 


57,150 


57,150 


113 


54,000 


4 


3,150 










1 


Purcl 
pov 

5C 


lased electric 
?er only: 
-200.-.. 


3 
8 


72 
4,141 


210 
33,127 




















^ 


)1 And Above 






••-••■«•••• 














^ 


All other power: 
601 and above. . . 

Total power... 

Grand total 




















11 


3,031 


33,343 






^ 




































8 


8»947 


71.573 


57,736 


79 


40,604 


9 


10,920 


15 


6,072 


1 


50 




28 


5,800 


162,066 


114,886 


192 


94,694 


13 


14,070 


15 


6,072 


1 


50 




29 




162,066 


114,886 


192 


94,604 


13 


14,070 


15 


6,072 


1 


50 




Nop< 

Stean 
1- 
2( 
5C 


)wer 


467 
























ipower only: 
























120 

23 

6 


74 
303 
090 


8,796 
6,951 
4,130 


8,796 
6,951 
4,130 


• 

198 
76 
46 


8,781 
6,801 
3,980 


1 

1 
1 


15 
150 
150 












)l-600 












)1 and above 










• 












"S 


149 


132 


19,877 


19,877 


320 


19,562 


3 


315 










■S 










p. 

1 


Purcl 
pov 

2C 

5C 


lased electric 

reronly: 

200 


648 
9 

4 


20 

330 

1,212 


12,733 
2,973 
4,847 




















H-fiOO 




















^ 


)1 and above. . . 




















fe 








1 












^ 


661 


31 


20^553 


















o 


















? 


Allot 
1- 
2C 

fiC 


her power: 
200.. 


407 
28 
12 


29 

301 

1,310 


11,726 

8,438 
15,710 


8,450 
4,902 
8)122 


112 

74 
183 


4,602 
4,328 
6,453 




2 






1,667 


355 

46 

1 


, 3,746 

354 

2 


5 

1 



102 

220 




• 


H-fiOO 


S 


11 and above. . . 




Total power. . . 
Orand total 


447 


80 


35,814 


21, 474 


369 


15,383 


2 


1,667 


402 


4,102 


6 


322 




1,257 


60 


76,304 


41,351 


689 


34,945 1 


*i 


1,982 


402 


4,102 


6 


322 




1,724 




76,304 

.-- 1 


41,351 


689 


34,945 1 


5 


1,982 


402 


4,102 


6 


322 



INDUSTEY IN THE SUPEBPOWEB ZONE. 



109 



by industry subyrauptf by character of power mpply — Continued. 



Power-supply equipment— Continued. 


Electric motors. 


Fuel used. 


Operated by purchased energy. 


Total. 


Run by current gen- 
erated in establish- 
ment. 


Coal. 




Total 
horsepower. 


Electric motors. 


Other 

(horse- 
power). 


Anthracite 
(long tons). 


nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 

tons). 


Coke 
(short 
tons). 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




16 


17 


18 


19 


30 


SI 


22 


23 


24 


25 


26 


27 


















17,747 


38,978 


54,953 


827 
























•••■•*•» 




466 
1,192 
6,309 


4,867 
12,562 
63,872 


466 

1,192 
5,309 


4,867 
12,562 
63,872 


88,393 

60,491 

304,617 


186,889 
190,625 
736,776 


266,443 

245,066 

1,010,933 


6,072 

5,364 

10,500 


































6,967 


81,301 


6,967 


81,301 


453,501 


1,114,200 


1,522,442 


21,045 










20,788 
12,805 
22,488 


3,459 
1,063 
1,172 


20,788 
12,806 
22,488 




3,450 
1,083 
1,172 


20,788 
12,805 
22,488 


1 


1 


123,834 

9,016 

14,180 


87,017 
47,344 
86,066 


198,468 
55,458 

98,828 


3,597 

1,648 

180 






















56,061 


5,714 


56,081 




6,714 


56,081 






147,030 


220,427 


352,754 


5,425 


5,480 

6,035 

37,308 


779 

580 

2,455 


4,869 

6,035 

37,306 


611 




914 

841 
3,510 


5,636 

8,577 

49,601 


135 

261 

1,065 


767 

2,542 

12,385 


53,270 

71,528 

260,121 


09,402 

67,974 

445,742 


117,346 
132,351 
670,860 


2,506 
3,593 
5,955 


'48,821 


3,814 


48,210 


611 


5,265 


63,904 


1,461 


15,694 


374,919 


583,118 


920,546 


12,143 


104,902 


9,528 


104,291 


611 


17,946 


201,286 


8,418 


96,995 


975,450 


1,917,835 


2,795,742 


39,513 


104,902 


9,628 


104,291 


611 


17,946 


201,286 


8,418 


96,995 


993,197 


1,956,813 


2,850,695 


39,840 










• 


• 






42 


128 


165 































25 
836 


500 
26,271 


25 
836 


500 
28,271 



214,422 


7,436 
810,711 


7,436 
1,003,711 


































861 


26,771 


861 


26,771 


214,422 


818,147 


1,011,147 


00 












216 
33,127 


16 
610 


216 
33,127 




16 
610 


216 
33,127 







7,370 



285,379 



202,009 


120 








1,466 








33,343 


626 


33,343 




626 


33,343 






7,370 


285,379 


292,009 


1,586 


13,837 


211 


13,837 





499 


28,128 


288 


14,291 


60,407 


750,867 


796,167 





47,180 


837 


47,180 





1,986 


88,242 


1,149 


41,062 


272,199 


1,854,393 


2,099,323 


1,586 


47,180 


837 


47,180 





1,986 


88,242 


1,149 


41,062 


272,241 


1,854,521 


2,099,488 


1,586 












I 






7,610 


17,361 


24,111 


2,065 


















« 








36 
146 

48 


500 
1,845 
1,653 


36 
146 

48 


500 
1,846 
1,653 


16,758 

18,648 

7,865 


27,468 
21,277 
22,885 


42,468 
37,977 
29,935 


3 861 















1 


30,900 






1 






230 


3,096 


230 


3,998 


43,271 


71,630 


110,380 


34 761 




-'- 




12,733 
2,973 
4,847 


1,157 
209 
190 


12,733 
2,973 
4,847 




1,157 
200 
190 


12,733 
2,973 
4.847 






5,388 

1,400 

215 


13,311 
25,100 
21,509 


18,141 
26,360 
21,792 


8,921 



* 








•■■•■••"•■■• 

















2(^,553 1,556 


20,553 




1,556 


20,553 






7,003 60,010 


66,298 


3,921 












3,276 
3,536 
7,588 


219 
172 
309 


2,937 
3,536 

7,588 


339 




249 
203 
429 


2,357 
3,984 
8,938 


30 
31 
60 


320 

448 

1,350 


13,133 

3,511 

21,758 


33,830 
35,937 
66,141 


45,630 
39.097 
84,641 


9,382 


14,400 760 


14,061 


339 


881 


16,179 


121 


2,118 


38,402 134,906 160,308 


12,691 


34,953 1 2,316 


34,614 


339 


2,667 1 40,730 


351 


6,116 


88,676 1 266,548 • 346,041 61,373 


34,953 


2,316 


34,614 


339 


2,667 40,730 


351 


6,116 


96,186 283,909 370,152 


53,438 
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Table 46. — Medtanioal power-iupply equipment andjuel used 





i 


Biie of plant 
(honepower). 


Establiahments. 








Power-supply equipment 


t. 










Num- 
ber. 


1 
1 

, 1 








Prime movers. 








1 


Total 
horse- 
power. 


Steam engines. 


Steam turbines. 


Intemal-combua- 
tion engines. 


Water wheels. 


1 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


2 


3 


4 


5 


1 ■ ■■ 



1 


7 


8 


9 


10 


11 


12 


13 


14 


16 




Nop 

Steal 
1 

5L 


ower 


101 






















1 




Q power only: 












1 " 














192 
41 
15 


84 
329 
882 


16,158 
13,476 
13,250 


16,156 
13,476 
13,250 


242 

109 

66 


16,078 
13,476 
12,500 


1 

2 


1 


80 



750 








■ 




01-500 








1 




91 ftnd Above 












Purchased electric 
power only: 
1-200 .:. 












248 


180 


42,884 


42,884 


417 


42,054 


3 


830 








1 
..... t 


• 








1 


1 


160 

25 

3 


52 
233 
860 


8,315 
5,826 
2,580 




















Ot 


2( 

5C 


)]-500 




















^ 


11 And Above 




















^ 






















75 

• 


188 


89 


16,721 






































Allot 
1- 
2( 
51 


^her power: 
-200. 


05 
46 
16 


87 
298 
750 


8,266 
13,712 
12,009 


0,464 

10,472 

7,472 


67 
97 
65 


4,475 
8,117 
6,904 



2 





295 




53 
22 
13 


1,034 
033 

238 


18 

13 

2 


955 

1,427 

330 




)l-500 




Hand above.... 




Total power. . . 
Grand total.... 


157 


216 


33,997 


24,408 


229 


19,496 


2 


295 


88 


1,905 


33 


2,712 




Ii03 


168 


93,602 


67,292 


646 


61,550 


5 


1,125 


88 


1,905 


33 


2,712 




094 




93,602 


67,292 


646 


61,550 


5 


1,125 


88 


1,905 


33 


2.712 




Nop< 

SteaD 
1- 
2( 
sr 


)wer 


109 






















1 

1 




ipower only: 


























27 
2 

1 


66 
305 
885 


1,766 
610 
885 


1,766 
610 
885 


31 

7 

17 


1,566 
010 
885 


2 




200 










1 




)l-500 








( 




)l and above 
























30 


109 


3,261 


3,261 


55 


3.061 


2 


200 








1 


1 










Purcl 
pow 

2C 
5C 


lased electric 

rer only: 

200 


232 
5 
2 


9 
352 
632 


2,191 
1,760 
1.263 


















1 


o, 


11-500 




















1 


11 and above.... 














........... 








239 


22 


5,214 




















% 




















Allot 
1- 
2C 
5C 


her power: 
200.. 


51 
4 
2 


36 
248 
874 


1,831 

993 

1,747 


1,096 

220 

1,245 


16 
4 
2 


429 

220 

45 


S 









33 

3 


627 



1,200 


2 




40 




s 


11-600 


11 and above.... 




Total power... 
Grand total.... 


57 


80 


4,571 


2,561 


22 


694 








36 


1,827 


2 


40 




326 


40 


13,046 


5,822 


77 


3,755 


2 


200 


36 


1,827 


2 


40 




435 




13,046 


5,822 


77 


3,755 


2 


200 


36 


1.827 


2 


40 




Nopo 

Steam 
1- 
20 
50 


1 
wer 


90 


























ipower only: 


, 




















33 

6 

14 


65 

327 

10,300 


2,143 

1,963 

144,708 


2,143 

1,963 

144,708 


38 

11 

117 


2,143 

1,963 

62,630 






60 


1 

1 

82,078 








, 1 


• 


1-500 


: : '::':i 


- 1 


1 


1 

to 


1 and above... 


•..-.•••-•j — 


.........1 


1. 


1 


.........{ 


"g 


53 


2,800 


148,814 


148,814 


166 


66,736 


60 


82,078 






« • • ' 


s 






1 


§ 

C5 


Purch 
pow 

1-! 
20 
50 


ased electric 

or only: 

aoo 


372 

15 
11 


24 

310 

2,108 


8,884 

4,654 

23,136 










1 


1 
* 


1 

1 

........ .1 


s 


1-500 1 










i i 


1 

.........1 


a 


I and above... 










! 




d 


All other power: 

1-200 1 

201-600 

501 and above... 

Total power... 

Grand total...' 

i - 


398 


92 


36,674 














.1 




^ 








........ 






...... .^ 




o 
■© 


119 
11 
25 


24 

348 

4,201 


2,854 

3,831 

105,036 


1,655 

2,165 

43,102 


6 

" 1 
103 


305 

1,405 

29,245 


1 



10 


10 



11,267 


84 
3 
4 


1,310 
500 
650, 


3 


30 

260 

2,030 




155 


720 


111,721 


47,012 


120 


30,955 


11 


11,277 


91 


2,460 


21 


2,320 


1 


606 


490 


297,209 


195,828 


286 1 


97,691 


71 


93,355 


91 


2,460 


21 


2,320 


1 


696 . 




297,209 


195,826 1 


2b6 , 


97,691 


71 ! 


93,355 


91 


2,460 


21 


2,320 



INDUSTBY IN THE SUPEBPOWER ZONE. 



Ill 



hy %ndu$try mibgroupg, by characUr of power supply — Continued. 



Poww-supply equipment— Continued. 


Electric motors. 


Fuel used. 


• 

Operated by purchased eneiKJ. 


TotaL 


Run by current sen- 
erated in establish- 
ment. 


Coal. 




Total 
bonepower. 


Electric motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 
tons). 


Coke 

(short 
tons). 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




16 


17 


18 


10 


20 


31 


99 


98 


94 


98 


96 


97 


















3,870 


12.408 


16,003 


144 










60 
140 
144 


506 

2,167 
3,092 


60 
140 
144 


506 
2,167 
3.092 


40,566 
10,724 
38,424 


174,120 
04,358 
64,305 


810,653 

112,100 

06,973 


OM) 










1,040 
138 




1 














1 






344 1 6,665 


344 


6,665 


08,714 


332.882 


421,734 


2,127 








8,315 
5,820 
2,580 


537 

131 

86 


8,315 
5,836 
2,580 




537 

131 

86 


8,315 
5,836 
2.580 






13,094 

2,818 

45 


57,226 
44,588 
10,228 


60,010 
46 408 
10,268 


340 




;*;;; i. 


372 




:.:::.:i :':"'■' 


340 




o« . , _ 








16,721 


754 


16,731 




754 16,721 






15,957 


121,041 


134,686 


1,061 


1,792 
3,240 
4,567 


153 
167 
106 


1,745 
3 240 
4,557 


47 




153 
304 
273 


1,745 
3,865 
5,049 


■ 


37 
75 



625 
492 


24,121 
11,553 
22,068 


46,063 
102,304 
123,455 


67,771 
112,600 
143,316 


2.171 
760 
360 


0,589 


518 


0,542 


47 


630 


10,659 


112 


1,117 


57,742 


271,822 


323,786 


3,200 


26,310 


1,272 


26,263 


47 1,728 34,045 


456 


7,782 172,413 725,745 


880,206 6,478 


26,310 


1,272 26,263 


47 


1,728 


34,045 


456 


7,782 


176,312 738,238 


806,209 6,622 


















231 


55 


262 


126 










80 
44 

28 


339 
303 
168 


30 
44 
26 


239 
393 
168 


5,396 



289 


46,470 
17,111 
37,768 


51,330 
17,111 
37,308 


880 










































108 


790 


106 


799 


5,635 


101,358 


106,423 


880 












2,101 
1,760 
1,263 


576 

138 

31 


2,101 
1,760 
1,368 




576 

138 

31 


3,101 
1,760 
1,363 






2,061 


13,143 

36,051 

4,732 


15,703 

86,051 

4,760 


286 

















40 





5,214 


745 


5,214 




745 


5,214 






2,991 


54,836 


57,513 


286 


735 
773 
502 


06 
43 

30 


680 
773 
503 


06 




111 

43 

130 


765 

773 

1,066 


16 



01 


136 



1,464 


3,091 

297 




36,333 

5,864 

43,847 


29,008 

6.131 

42,847 


5,002 

200 




2.010 


177 


1,014 


06 284 


3,504 


107 1,500 


3,388 


74,034 


77,981 1 5,202 


7,224 


022 


7,128 


06 1 1,137 


0,517 


215 


2,389 12,014 1 231,118 


241,017 1 6,466 


7,224 


022 


7,128 


06 1,137 


0,517 


215 2,380 1 12,245 1 231,173 


242,170 6,501 
















2,737 


2.802 


5,262 


044 












"*"******* 




1 , - 1 












63 

55 

3,685 


764 

003 

66,628 


63 

55 

8,685 


764 

993 

66,628 


6,157 

773 

621,618 


0,140 

10,137 

613,713 


14,640 

10,832 

1,173,713 


1,764 










2,880 










155,013 




















3,803 


68,385 


3,803 


68,385 


628,548 


632,000 


1,100,104 


160,557 


4,654 
23,136 


1,287 

631 

1,003 


0| cKM 

4,654 
23,136 




1,287 

631 

1,003 


8,884 

4,654 

23,136 






21,164 

1,848 

27,009 


20,006 

5,034 

12,271 


30,008 

6,604 

66,571 


117,034 








1,790 








1,253 


36,674 


2,021 


36,674 




2,021 


36,674 






50,021 


37,313 


82,273 


120,077 










1,100 

1,666 

61,844 


81 

133 

2,412 


761 

1,666 

48,150 


438 



13,685 


83 

165 

2,044 


762 

2,002 

62,640 


2 

32 

532 


1 

336 

14,481 


4,725 

2,036 

108,408 


10, 115 

15,280 

281,060 


14,365 

17,120 

378,580 


5,061 

5,627 

37,120 


64,700 


2,626 


50,586 


14,123 


3,102 


65,404 


566 


14,818 


115,169 


306,403 


410,063 


47,817 


101,383 5,547 


87,280 


14,123 


9,916 


170,463 


4,300 


83,203 


793,738 


076,805 


1,601,550 


328,451 


101,383 5,547 87,260 


14,123 


9,916 


170,463 1 4,360 


83,203 


796,475 


070,607 


!,696,803 320,305 



63361^—21- 



-8 
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Table 46. — Medumioal potoer-tupply equipment and fuel U9ed 





• 

1 

"8 


Slxe of plant 
(honepower). 


Establiafamenta. 








Power-Aupidy equipment 


• 


# 






d 


Nuilb' 

ber. 


Aver^ 
age else 
(noTBo- 
power). 


Aggregate 
norse- 
power. 








Prime moveri 


. 








1 


Total 
horse- 
power. 


Steam engines. 


Steam turbines. 


Intemal-ocmbua* 
tianenginea. 


Water wheels. 


Num- 
ber. 


Horae- 
power. 


Num- 
btf. 


Hone- 
power. 


Num- 
ber. 


Horse- 
power. 


Nmn- 
btf. 


Horse- 
power. 


1 


2 


8 


4 


ff 


6 


7 


8 





10 


11 


13 


18 


• 

14 


Iff 




Staai 
1 

a 




owef . ••••...... 


1,174 




« 














i 








n nower only: 
























■ 

1 


68 

16 

8 


77 
298 
774 


5,235 
4,769 
6,196 


5,235 
4,769 
6,196 


75 
27 
29 


5,160 
3,941 
6,196 


1 
8 



75 

828 












01.600 










•9 

a 


01 And abova... 




















92 


176 


16,200 


16,200 


131 


15,297 


9 


908 






I 




Paid 

po\ 

1- 

21 

fit 


tiaaed electric 
^eronly: 
-200. .. 


2,163 
22 

8 


12 
272 
830 


26,618 
5,992 
6,039 


















• 




91-600 




















01 AnA Ahmra 








































5 


2,103 


18 


39,249 






















All o< 
1 
21 

a 


^er power: 
-200.. 


485 
20 
27 


27 

296 

1,240 


13,223 

5,925 

33,443 


8,442 

3,695 

21, 6U 


62 
29 
63 


4,207 

2,733 

16,338 


4 

4 


225 



3,096 


194 

1 
5 


3,399 
55 

1,020 


20 
13 

18 


611 

907 

1,155 


p* 


M-fiOO 


'1 


91 and above... 


• 


Total povrer... 
Grand total,.. 


682 


99 


52,601 


33,748 


154 


23,278 


8 


3,323 


200 


4,474 


51 


2,673 


i 


2,817 


383 


106,040 


49,948 


285 


38,575 


17 


4,226 


200 


4,474 


51 


2,673 




3,991 


106,040 


49,948 


285 


38,575 


17 


4,226 


200 


4,474 


51 


2,673 




Nop* 

Steal 
1 
21 
5L 


ower 


3,608 


























npower only: 


32 
3 
2 


67 
222 

940 


2,135 

666 

1,880 


2,135 

666 

1,880 


41 
9 
7 


2,135 

666 

1,880 






















01-500 






............ ...J 




)1 and AhovA. . . 






















§ 


37 


127 


4,681 


4,681 


57 


4,681 














9 


Pupd 
poi 

a 


based electric 
ver only: 
-200.... 


480 
3 


8 
387 


3,638 
1,162 




















01-500. 




















fc 
























483 


10 


4,800 


















o 


All 01 
1 
2 
6 


ther power: 
-200.. 


39 
5 
3 


66 
279 
763 


2,109 
1,396 
2,288 


1,744 

645 

1,703 


24 

7 

19 


1,368 

545 

1,160 


1 

1 


40 



536 


17 




176 




3 

4 
1 


160 

100 

17 




01-600 




01 and above. . . 




Total power... 
Grand total.... 


47 


124 


5,853 


4,092 


60 


8,063 


2 


576 


17 


176 


8 


277 




667 


27 


15,334 


8,773 


107 


7,744 


2 


576 


. 17 


176 


8 


2n 




4,175 




15,334 


8,773 


107 


7,744 


2 


576 


17 


176 


8 


2n 




Nop 

Steal 
1 

a 


ower 


257 


























n power only: 


25 
4 
5 


46 

338 
1,376 


1,115 
1,350 
6,875 


1,115 
1,350 
6,875 


21 

8 

11 


1,115 
1,200 
3,375 



1 
3 




150 

3,600 












)1..600 












Ql and AbovB 




















34 


273 


9,340 


9,340 


40 


5,690 


4 


3,660 








i 

2 


Pure] 
poi 

a 


baaed electric 
ver only: 
-200 


2,770 

12 

8 


7 

331 

1,624 


19,899 

3,966 

12,993 




















•p 


01-600 














1 


g 


n\ AnH ahnnrA 














1 . 


s 
















1 


< 


2,790 


13 


36,858 




















m 


AUol 
1 

a 


ther power: 
-200 


378 
5 
7 


11 
281 
919 


4,264 
1,407 
6,438 


3,629 

855 

2,270 


24 

6 

12 


1,065 

615 

1,880 




2 






225 


365 
2 

1 


2,368 
240 
165 


4 





196 






Dl-600 




01 and above. . . 




Total power... 
Grand total 


390 


31 


12,109 


6,764 


42 


3,660 


2 


225 


368 


2,773 


4 


196 




3,214 


18 


58^307 


16,094 


82 


9,250 


6 


3,875 


368 


2,773 


4 


196 




3,471 




58,307 


16,094 


82 


9,250 


6 


3,875 




368 


2,773 


4 


196 
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by industry subgroupsi by character cf power supply — Continued. 



Power-supply eqalpment— Continued. 


Electric motors. 


Fuel used. 


Operated by purchased energy. 


Total. 


Run by current tren- 
erated in establish- 
ment. 


CkMl. 




Total 
horsepower. 


Electric qiptors. 


Other 
(horse- 
power). 


Anthracite 
(Iongt6n.s). 


Bitumi- 

nous (short 

tons). 

• 


Total 
equivalent 

bitumi- 
nous (short 
tons). 


Coke 
(short 
tons). 


Number. 


^ Horse- 
power. 


Number. 


Horse- 
power. 


Niunber. 


Horse 
power. 




16 


17 


18 


10 


2» 


81 


Z2 


28 


24 


28 


26 


27 


















2,850 


890 


3,014 


817 




























S17 
677 
577 


2,039 
2,954 
7,958 


317 
577 
577 


2,030 
2,954 
7,058 


11,370 

8,956 

14,737 


21,267 
15,257 
29,630 


31,500 
23,322 
42,806 


2,004 
43 














1... 


784 
















1,471 


12,951 


1,471 


12,051 


35,063 


66,154 


07,718 


2,871 






I • • • 


26,618 
6,992 
6,639 


7,384 
617 
613 


26,618 
5,992 
6,639 




7,384 
617 
613 


26,618 
5,992 
6,639 




•••••A*4a»»« 


13,100 

888 

1,978 


15,314 
6,726 
5,428 


27,104 
7,076 
7,210 


3,564 








102 



















39,249 


8,614 


30,249 




8,614 


39,240 






15,466 


27,468 41,380 


3,756 










4,781 

2,230 

11,832 


350 

291 

. 1,908 


2,567 

1980 

11,832 


2,214 
250 




900 

485 

3,307 


4,001 

3,543 

22,640 


560 

104 

1,300 


2,334 

1,563 

10,806 


5,510 

3,848 

25,149 


30,135 
17,727 
84,421 


35,004 

21,105 

107,156 


1,627 



766 


18,843 


2,549 


16,379 


2,464 


4,602 


31,064 


2,143 


14,705 


34,507 


132,283 163,445 


2,303 


58,092 


11,163 


55,628 


2,464 


14,777 


83,284 


3,614 


27,656 


85,036 


225,905 1 302,652 


0,020 


58,092 


11,163 


55,628 


2,464 


14,777 


83,284 


3,614 


27,656 


87,386 


226,804 1 305,566 


0,837 

















8,198 


2,513 


9.863 


10 


























107 

9 

90 


508 

240 

1,386 


107 



00 


508 
240 


5,914 

890 

46 


4,373 

4,662 

13,996 


0,093 

5,442 

14.037 


58 











1 






180 






' — 















215 


2,224 


215 


2,224 


6,860 


23,021 1 29,172 


238 








3,638 
1,162 


1,274 
74 


3,638 
1,162 




1,274 
74 


3,638 
1,162 






11,206 
299 


4,878 
400 


14,078 
668 


482 





















4,800 


1,348 


4,800 




1,348 


4,800 






11,505 > 


5,278 1 15,646 


482 










425 

761 
585 


94 

263 

40 


425 

751 
585 







155 

204 

40 


872 
000 
585 


61 

81 




447 

248 




6,073 
2,212 
4,691 


2,927 
1,235 
5,083 


8,477 
3,225 
0,233 






178 


1,761 


397 


1,761 





480 


2,456 


02 605 


12,076 0,105 1 20,935! 178 


6,561 


1,745 


6,561 





2,062 0,480 


307 1 2,010 


31,331 1 37,404 65,753 898 


6,561 


1,745 


6,561 





2,052 0,480 


307 1 2,010 


30,520 40,007 75,616 006 
















1.201 


384 1.540 


























70 

16 

348 


480 

121 

4,500 


70 
16 


489 
121 


1,561 
2,113 
3,650 


8,100 

3,096 

27,600 


0,603 

5,000 

30,083 
























348, 4,500 






















443 


5,200 


443 5,200 


7,333 30,885 46,486 1 












19,899 

3,966 

12,993 


5,045 

449 

1,746 


19,890 

3,966 

12,993 




5,645 

440 

1,746 


10,800 

3,966 

12,993 






26,771 

3,418 

14,772 


23,937 

3,098 

24.940 


48,080 

6,175 

38.233 


488 






2 




1 


580 








36,858 


7,840 


36,858 




7, 840 36, 858 


1 


44,961 51,975 


02,438 1,070 












635 

552 

4,168 


162 

84 

367 


554 

552 
4,168 


81 




202 

91 

490 


754 

588 

5,016 


40 

7 

123 


20O 
36 

848 


3,065 
850 
902 


4,761 

3,095 

18,425 


7,520 

3.860 

19,237 


01 

50 

2 


5,355 


613 


5,274 


81 


783 6,358 170 


1,084 


4,817 


26,281 


30,617 


143 


42,213 


8,453 


42,132 


81 9,066 48,416 


613 6,284 


57, 111 


118, 141 


160,541 


1,213 


42,213 8,453 


42,132 


81 1 9,066 


48.416 . 613 ; 6,284 


58,402 


118,525 


171,090 


1,213 
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Table 46. — MedianictUpotoer'Supply equipment and Jw 





1 

O 


Siie of plant 
(boTBepower). 


Eetablisbments. 








Power-supply equipment 


■ 








t 


Num- 
ber. 


Aver- 

acesise 
(boTBe- 
power). 


power. 








Prime moven 


(. 








i 


Total 
borse- 
power. 


Steam engines. 


Steam turbines. 


IntemaKcombus- 
tioD engines. 


Water wheels. 


Ninn- 
btf. 


Horse* 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse* 
power. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


13 


18 


14 


15 


• 


Steal 
1 


n power only: 


3 

1 


110 
850 


220 
860 


220 
360 


3 
2 


220 
350 



















■S 


Ol~500 










X 












a 


Purchased electric 
power only: 
501 and above. . . 

All otber power:' 
601 aad above. . . 

Total power... 


3 


190 


570 


570 


5 


570 
















g 










1 


2 


2,773 


5,548 




















d 










...... 











5 

• 


6 


2,762 


16,515 


4,828 


14 


4,820 


1 


500 


i 


8 








9^ 


11 


3,057 


22,628 


5,308 


19 


4,890 


1 


600 


2 


8 










> 
Nop< 

Stean 
1- 

a 


nvmr 


186 


















1 - _ - 








n power only: 




........ 










i 1 








30 

1 


48 
300 


1,431 
800 


1,431 
300 


27 
1 


1,375 
300 


2 



66 














)l-fiOO 


























31 


56 


1,731 


1,731 


28 


1,675 


2 


66 




















m 

1 


Pure 
pov 

Si 


based electric 
rer only: 
-200.... 


450 
1 

1 


8 

395 

2,074 


8,618 

395 

2,074 




















)1~500 
















••...... 




i 


11 and AhnvA 








































X 


452 


13 


6,087 








































3 

• 


AUol 
1- 


ber power: 

-aoo.V. 


148 
4 
2 


20 

348 

1,110 


3,017 
1,380 
2,220 


2,609 
1,280 
1,200 


16 
5 
4 


796 

775 

1,200 












128 




1,083 




18 
9 



631 

515 




a 


n-Boo 


)1 and above. . . 




Total power . . . 
Grand total 


154 


43 


6,627 


4,999 


25 


2,770 








128 


1,083 


27 


1,146 




637 


23 


14,445 


6,730 


53 


4,445 


2 


66 


128 


1,063 


37 


1,146 




823 


14,445 


6,730 


53 


4,445 


2 


66 


128 


1,083 


27 


1,146 




1 

Nop< 

Stean 
1- 
2( 
SL 


)virer 


26 


























apower only: 












••*•«••• •• 












40 
12 
25 


62 

303 

1,960 


2,496 

8,521 

49,006 


2,496 

3,521 

49,006 


66 

83 
182 


2,446 

3,521 

43,466 


1 



10 


60 



5,550 












)1-600 












U &nd above 










g, 












77 


715 


55,023 


55,028 


271 


49,423 


11 


5,600 










1 










Pure] 

pov 

1- 

2C 

6C 


liased electric 
reronly: 
.200..... 


50 
8 
7 


59 

260 

1,034 


2,974 
2 075 
7,238 


• 


















*• 


)l-fiOO 




















"S 


11 Anil AhAVA 




















8 






















B 


66 


189 


12,287 




















jj 




















1 


AUot 
1- 
2C 
6C 


ber power: 
•200 


27 

5 

15 


102 

883 

1,880 


2,748 
1,915 

28, sn 


1,728 

660 

10,333 


26 

7 

62 


1,521 

660 

9,537 




3 






560 


16 

6 


207 



151 




2 






95 


DO 


fl-fiOO 


^ 

fi^ 


»1 and above.... 


Total power.... 
Grand totaL... 


47 


702 


33, 034 


12,721 


05 


11,718 


3 


550 


22 


358 


2 


95 




180 


530 


100,344 


67,744 


366 


61, 141 


14 


6,150 


22 


358 


2 


95 




215 


100,344 


67,744 


366 


61,141 


14 


6,150 


22 


368 


2 


95 
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Powei Bupply eqalpment— Continued. 


Electric motors. 


Fuel used. 


Operated by parchMed energy. 


Total. 


Run by current gen- 
erated in establish- 
ment. 


Coal. 


t 


Total 
iMnepower. 


Electric motors. 


ether 
(horse- 
power). 


Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 
tons). 


Coke^ 
(short* 
tons)*. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse 
power. 


• 


16 


17 


18 


10 


90 


91 


Z9 


23 


94 


3ff 


26 


27 










50 
15 


20O 
231 


50 
15 


20O 
231 


384 
3 


700 
5,574 


1,044 
5,574 













80 




















65 


431 


65 


431 


387 


6,274 


6,618 


80 


5,543 


340 


5,543 




340 


5,543 






232 


7,838 


8,046 


288 










11,687 


689 


11,687 





1,503 


20,702 


904 


9,106 


37,852 


68,816 


102,816 


8,482 


17,230 


1,029 


17,230 





1,998 


26,766 


969 


9,536 


38^471 


82,928 


117,480 


8,744 












••**•"■***■• 






304 


1,129 


1,403 


11 




























7 



148 



7 



148 



^134 



4,328 
991 


6,238 
991 


428 































7 


148 


7 


148 1 2, 134 


5,319 


7,229 


428 












3,618 

305 

2^074 


27 
130 


• 

3,618 

395 

2^074 




1,083 

27 

ISO 


3,618 

305 

2,074 






2,486 
4,280 


5,531 
1,400 
2,392 


7,771 
1,405 
6,242 


41 




























6,087 


1,240 


6,087 




1,240 


6,087 






6,771 


9,323 


15,418 


41 










506 

100 

1,020 


98 

3 

69 


425 

100 

1,090 


* 

83 




127 

4 
77 


627 

101 

1,280 


• 

29 
1 

8 


202 

1 
260 


1,227 



380 


4,996 
1,604 
4,461 


6,096 
1,604 
4,785 


67 

76 




1,628 


170 


1,545 


83 


208 


2; 006 


38 


463 


1,587 


11,061 


12,485 


142 


7,715 


1,410 


7,632 


83 


1,4A5 


S;243 


45 


611 


10,492 


25^703 


35,132 


611 


7,715 


1,410 


7,632 


83 


1,465 


8,243 


45 


611 


f 0,796 


26,832 


36,535 


622 


















737 


4,115 


4,778 


A 




























65 

182 

3,013 


1,442 

3,082 

41,309 


65 

182 

3,013 


1,442 

3,982 

41,309 


17,838 

38,690 

245,406 


57,310 

43,623 

226,354 


73,360 

78,444 

447,220 
























202,813 


















3,260 


46,683 


3,260 


46,683 


301,934 


327,287 


509,024 


202,818 








* 


2,974 
2,075 
7,238 


240 
106 
268 


2,974 
2,075 
7,238 




240 
106 
288 


2,974 
2,075 
7,288 






3,240 

2,066 

14,584 


46,311 

5,018 

65,085 


49,227 

6,870 

78,116 


o 








n 








204 










12,287 


614 


12.287 




614 


12,287 






19,830 116,384 


134,213 


aoa 


va-x —J 










1,020 

1,255 

18,088 


50 

51 

962 


670 

1,005 

18,088 


350 

260 




59 

51 

1,050 


815 

1,006 

20,066 


3 



97 


145 



2,018 


11,966 

1,821 

85,897 


44,300 

4,853 

108,024 


55,088 

6,042 

180,332 




2sa 

2,21ft 


20,313 


1,060 


19,713 


600 


1,160 1 21,876 


100 


2,163 


99,204 


152, m 


241,462 


. 2,460 


32,600 


1,68^ 


32,000 


600 


5,043 


80,846 


3,360 


48,846 


420,968 505,828 


974,699 


206,065 


32,600 


1,683 


32,000 


600 


5,043 


80,846 


.3,360 


48,846 


421,705 599,943 


979,477 


205,085 
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Table 46. — Mechanical power-supply equipment and fuel uted 





• 

! 


Size of plant 
(horsepower). 


Establishments. 


Power-supply equipment. 


• 


Num- 
ber. 


Aver- 
age siM 
(horse- 
power). 


Affiregate 
horse- 
power. 








Prime moyera 


* 








i 

1 


Total 
horse- 
power. 


Steam engines. 


Steam turbines. 


Internal-combus- 
tion engines. 


Water wheels. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


2 


3 


4 


ff 


6 


7 

i 


8 





10 


11 


12 


13 


14 


15 




Nop< 

Steal 

1 
2 


Dwer. 


27 


















1 




Q power only: 




1 




1. 






* "' ' 




7 
1 


41 

400 


285 
400 


285 
400 


13 
2 


285 
400 












I 
1 




Dl-SOO 


1 






1 




' 








8 


86 


685 


685 


15 


685 
















^ 










"§ 


Pure 
poi 

21 

5( 


hased electric 

irer only: 

-200 


101 

11 

4 


94 

360 

1,171 


9,485 
3,954 
4,683 












• 


' 




, 


•a 


91-500 




















H 


91 and above. . . 




















2 






















1 


116 


156 


18,122 






































» 


AUol 
1- 


ther power: 
-200 


2 
1 


65 
625 


130 
625 


100 
20 


1 
2 


100 
20 


























91 and above.... 


i 


Total power... 
Grand total.... 


3 


252 


755 


120 


3 


120 






















127 


153 


19,562 


805 


18 


805 






















154 




19,562 


805 


18 


805 






















Nop< 

Stean 
1- 
2( 

a. 


3wer 


56 


























apower only: 
























23 
6 
3 


84 

304 

2,373 


1,M2 
1,825 
7,121 


1,942 
1,825 
7,121 


26 
9 
6 


1,942 
1,826 
1,100 




5 






6,021 












)l-500 










m 


U and AhnvA 










JSt 














32 


34 


10,888 


10,888 


40 


4,867 


6 


6,021 











1 








Purd 
pov 

2( 
5C 


lased electric 
irerozily: 
-200....... . 


393 
6 
4 


15 
285 

1,378 


5,968 
1,712 
5,510 




















)l-500 


• 


















)1 and Ahnvp. . 




















3 
















": ' 1 


« 


403 


33 


13,180 


• •• >■•••• 
















fl 














' 




1 


AUot 
1- 
2( 


iier power: 
-200 


73 
7 
9 


41 

295 

3,517 


2,995 

2,068 

31,652 


2,293 

1,240 

19,334 


12 
11 
50 


734 

606 

6,212 






24 






10,382 


48 

4 
10 


664 

475 

2,093 


19 
2 
3 


885 
160 
647 


a 


)l-500 


i 


)1 and above... 


Total power. . . 
Grand total 

No power 


89 


412 


36,715 


22,867 


73 


7,551 


24 


10,382 


62 


3,232 


24 


1,702 




521 


116 


60,783 


33,756 


113 


12,418 


29 


16,403 


62 


3,232 


24 


1,702 




580 




60,783 


33,755 


113 


12,418 


29 


16,403 


62 


3,232 


24 


1,702 




7 
























r 






. 





...|... ...... 




Steal] 
1 
21 
51 


apower only: 


15 
17 
20 


127 

321 

1,606 


1,916 

5,788 

32,127 


1,916 

5,788 

32,127 


19 
35 
55 


1,916 

5,788 
20,803 






12 






11,324 












M-soo '.!".!!!!!! 












11 and Ahnvn 


















1 




52 


765 


39,830 


39,830 


109 


28,506 


12 


11,324 






1 




I 


i 


Purcl 
poi» 

2( 

5L 


ia.sed electric 
^er only: 
-200 


55 
11 
11 


42 

316 

2,553 


2,333 

3,482 

28,089 


















M 


)l-500 



















1 


11 AtiH A.hnvn 


















*#*, — . . 













1 1 


1 


77 


440 


33,904 




- 






1 








M 


















^ 

^ 


AUo( 
1 
2( 
5( 


ther power: 
-20i) 


19 
20 
49 


106 

313 

1,800 


2,008 

6,257 

93,121 


1,215 

4,331 

42,691 


12 

28 

124 


800 

3,870 

36,369 






15 






2,740 


3 
1 
3 


200 

6 

817 


2 



20 


215 

455 

2,765 




91-500 




91 and above 




Total power ... 

Grand total.... 

1 


88 


1,140 


101,386 


48^237 


164 


41,039 


15 


2,740 


7 


1,023 


28 


3,435 




217 


1,500 


175, 120 


88,067 


273 


69,545 


27 


14,064 


7 


1,023 


28 


3.435 




224 




176, 120 


88,067 


273 




69,645 


27 


14,064 


7 


1,023 


28 


3,435 
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by indusiry subgroups, by eharacUr of power supply — Continued. 



1 

Power-supply equipment— Continued. Electric motors. 


Fuel used. 


Operated by purchased energy. 


Total. 


Run bv current gen- 
eratea in establish- 
ment. 


Coal. 


1 

1 


Total 
horsepower. 


Electric motors. 


Other 

(horse- 
power). 


Anthracite 
(long tons). 


Bitoml- 

nous (short 

tons). 


Total 
equivalent 


Coke 
(short 
tons). 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


bituml-* , 
nous (short 
tons). 

1 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 27 

1 
















- 


782 


304 


1,006 


1 


J 




















« 




















30 581 


606 
4,397 





1 











4,397 





, 




























30 


4,978 


5.005 


' 








9,485 
3,954 
4,683 


584 
219 
256 


9,485 
3,954 
4,683 




584 
219 
256 


9,485 
3,954 
4,683 


• 




6,040 
1,896 
5,393 


9,641 

1,564 

630 


15,071 
8,264 
5,380 














• 

















18,122 


1,059 


18,122 




1,059 


18,122 






13,329 


11,735 


23, n5 













30 
605 


1 
20 


5 

605 


25 



1 
20 


5 

605 










20 




13,422 


18 
13,422 






635 


21 


610 


25 ; 21 


610 





so 


13,422 


13,440 





18,757 


1,080 


18,732 


25 


1,080 


18,732 


1 13,379 


30, 135 42, 160 





18,757 


1,080 


18,732 


25 


1,080 


18,732 





14,161 


30,439 


43,166 


1 


















190 


199 


370 





























212 

66 

378 


545 

364 

1,560 


212 

66 

378 


645 

364 

1,560 


3,019 
2,732 
3,716 


4,969 

1,693 

24,200 


7,687 

4,180 

27,548 


7U 










































656 


2,469 


656 


2,469 


9,467 


30^062 


39,415 


711 


1 




*'*"■■••••*• 






5^958 
1,712 
5,510 


1,841 
166 
502 


5,958 
1,712 
5,510 




1,841 
166 
502 


5^958 
1,712 
5,510 






6,461 

968 

80 


6,835 
3,197 
9,084 


1^649 
4,070 
9,156 


133 




























13,180 


2; 509 


13,180 




2,509 


13,180 






7,509 


19, 116 


25,875 


133 










702 

828 

12,318 


•102 

126 

1,039 


561 

828 

12,318 


141 




158 

127 

2; 593 


704 

883 

26,015 


56 

1 
1,554 


233 
55 

13,697 


3,813 
27; 090 
16,901 


1,461 

2,975 

102^782 


4,890 

27,356 

117,990 


548 
3,406 
4,420 


13,848 


1,267 


13,707 


141 


2,878 


27,692 


1,611 


13,985 


47,804 


107, 218 


150,236 


8,376 


27,028 


3,778 


28,887 


141 


6,(M3 


43,341 


2,267 


16,454 


64,780 


157, 196 


215,526 


9,220 


27,028 


3,776 


26,887 


141 


6,043 


43,341 


2,267 


16^454 


64,970 


157,395 


215,896 


9,220 


















115 


1,100 


• 1,203 






























13 

112 

1,288 


125 

2,314 

23,582 


13 

112 

1,288 


126 

2,314 

23,582 


9,737 
46,190 


10^745 

2^174 

151,602 


12; 035 

30,924 

193,202 













70 









3,099 


















1,413 


26,021 


1,413 


26,021 


57,361 


184,521 


236,161 


3,169 


2,333 

3,482 

28,089 


178 

108 

1,412 


2,333 

3,482 

28,089 




178 

106 

1, 412 


2,333 

8,482 

28,089 






471 

809 

4, 121 


4,544 
15,573 
58,335 


4,969 
16,300 
62; 055 









, 
















" 1 




33,904 


1,698 


33,904 




1,698 


33.904 






5,401 


78,452 


83,324 















793 

1,926 

50^430 


58 

106 

2,101 


666 

1,926 

50,430 


127 




58 , 666 

124 ^123 

3,073 : . 60,944 




18 

972 




197 

10^514 


2,190 

1,857 

61,377 


5,309 

26,769 

289,312 


7,279 

28,429 

344,512 




825 
12 


53,149 


2,265 


53,022 


127 


3, 2.55 63, 733 


990 


10^711 


65,424 


321,390 


3.H0,220 


837 


87,053 


3,963 86,926 127 


6, 306 1 123, 658 2, 403 


36,732 


128,186 


581,363 


699,705 


4,006 


87,063 


3,963 1 


88,926 127 


6,366, 123,658 


2,403 


36. 732 128, 301 


585,463 


700,908 


4,006 
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Table 46. — Medtaniccd power-tupply equipment and fuel uted 





1 


Sixe of plant 
(hofsepower). 


Bstabliahments. 


Power-supply equipment. 


• 

1 


Num- 
ber. 


Aver- 
age siM 

(horse- 
power). 


power. 






a 


Prime moven 


1. 








1 

: 


Total 
horse- 
power. 


Steam engines. 


Steam turbines. 


Internal-combus- 
tion engines. 


Water wheels. 


Num- 
ber. 


Horse> 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


3 


8 


4 


5 


6 


7 


8 





10 


11 


13 


13 


14 


Iff 




Nop< 

Btrnx 
1- 

5C 


awv 


30 


























opoweronly: 










- 
















8 

la 

6 


67 

a9i 

6,a93 


543 

8,405 

31,468 


642 

3,406 

81,468 


8 
31 
44 


543 

^706 

1^018 



8 
6 




700 

16,460 












a-MO 












91 and AhovA 






















• 


25 


1,425 


35^505 


35^506 


73 


18,355 


8 


17,150 










Puid 
A. 


^ased electric 
rer only: 

-aoo. 


387 
19 
14 


27 
314 
880 


10^510 

5,968 

12,306 








i 












B 


)1.600 




















■a 


11 And Ahova 




















•S 


1 


















********"i 


"B 


4ao 


69 


38,874 




















s 




















■ 

0\ 


AU ot 
1- 

at 


iier power: 

-aoo.. 


63 
10 
26 


45 

ass 

6,050 


2,849 

2,882 

155,085 


l,a'»5 

1,630 

83^133 


16 
16 
67 


1,260 

1,146 

21,880 






26 






59,243 


29 
7 
3 


375 
485 
960 


5 

5 


220 



1,050 


^ 


)1-S00 




)1 and above. . . 




Total power.. 
Grand total... 


90 


1,625 


160,816 


86,606 


99 


24,285 


25 


«^a43 


39 


1,810 


10 


1,270 




644 


414 


225,195 


122,113 


172 


42,640 


33 


76,393 


39 


1,810 


10 


1,270 




574 




225,195 


122, 113 


172 


42,640 


33 


76,393 


39 


1.810 


10 


1,270 




Nop( 

Stean 
1- 

ac 

Si 


)wer 


8 


























ipower only: 


























113 
43 
49 


100 
335 
830 


11,286 
H4i5 
40,630 


11,286 
14,415 
40^630 


116 
113 
278 


10,648 
14,265 
40,136 


12 
2 
6 


638 
150 
495 












tt-«)0 












)1 and above. . . 












Purchased electric 
power only: 
1-aoo 










ao5 


323 


66,331 


66,331 


607 


65^048 


19 


1,283 










1 


21 
12 
16 


83 

333 

1,011 


1,747 

3,990 

15, 167. 




















E 


ac 

5C 


H-fiOO 




















i 


11 And Above 




















I 




















B 


48 


436 


20,904 




















S 

• 

(.1 




















AUot 

1- 
ac 


her power: 
aoo 


46 
18 
13 


115 
332 
965 


5^291 

5^985 

12,807 


4,600 
4,612 
7,014 


42 
36 
32 


• 

2,386 
3,305 
3,654 


3 

8 


210 



135 


28 

10 
14 


1,346 
1,107 
3,225 


6 
1 



66 

100 




fl-fiOO 




11 and above. . . 




Total power.. 
Grand total.... 


77 


313 


24,083 


16^235 


110 j 


9,344 


6 


345 


52 


5,778 
5,778 


6 


768 




330 


337 


111,318 


82,566 


617 


74,392 


25 


1,628 


52 


6 


768 




838 




111, 318 


82,566 


617 


74.392 


25 


1,628 


62 


5,778 


6 


767 




Nope 

Stean 
1- 

ao 

5C 


►wer 


43 


























Ipower only: 


ao 

3 

7 


79 
864 

4,745 


1,575 

1,092 

33,216 


1,675 

1,092 

33,210 


34 
12 
42 


1,575 

1,092 

10,500 






11 






22,716 












11-500 












11 and above. . . 
























80 


1,196 


35,883 


35,883 


88 


13,167 


11 


22,716 










1 


Purct 

pOlN 

aG 

5C 


tased electric 
^eronly: 

aoo 


114 

8 

13 


3 

326 

8,150 


333 

2,608 

106,089 














1 






3 


(l-fiOO 




















Ot 


\l and above. . . 




















1 




135 


809 


109,030 








! 










^ 


Allot 
1- 

ac 


her power: 
200 


150 
16 
19 


35 

300 

3,910 


5^215 

4,807 

74,143 


3,127 

2,203 

16,265 


47 
28 
70 


1,617 

2,030 

13,208 


1 


11 


10 



3»470 


154 

8 
5 


1,453 
173 
587 


2 




47 



»H 


ll-fiOO 




11 and above... 


, 




Total power.. 
Grand total.... 


185 


347 


84,165 


21,505 


145 


15,855 


12 1 


3,480 


167 


3,213 


2 


47 




350 


655 


229,078 


57,478 


233 


29,022 


23 


28,196 


167 


2,213 


2 


47 




393 




229,078 


67, 478 


233 1 


29,022 


23 


26,196 


167 


2,213 


3 1 


47 
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5y vuhiBiry tuogroupiy hy diaraeter of power iuppfy — Continued. 



Powor-snpply equipment— Oontinued. 


Eleetrie motors. 


Fuel used. 


Operated by purchased energy. 


TotaL 


Bun by euirent jren- 
ment. 


Coal. 




Total 
horsepower. 


Eleotiio motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 

equivalent 

bitumi-' 

nous (short 

tons). 


Coke 
(short 
ions). 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




16 


17 


18 


19 


90 


31 


33 


38 


34 


3ff 


36 


37 


















20 


254 


272 


8 








... 




















80 
254 

8,007 


942 

2,884 
42,881 


30 
254 

8,007 


242 

2,884 

42,891 


677 
5,808 
5,645 


2,508 
17,941 
45,828 


8,118 
28,341 

60,898 


10 






.... 




592 










2,414 


















9,281 


45,517 


8,281 


45.517 


12,230 


66,277 


77,257 


3,016 


••••«• 








10,610 

6,868 

12,886 


8,257 
1,267 
1,328 


10,510 

5,868 

12,886 




3,257 
1^267 
1,828 


10,510 

5,868 

12,886 






5.863 
7,041 
5,161 


11,061 
17,880 
22,855 


.6,431 
24,140 
27,605 


468 








687 




' * * ' * * 




400 




.......... 






28,874 


6,853 


28,874 




5,853 


28,874 






18,165 


51,886 


68,176 


1,556 








984 

1,252 

71,862 


125 

816 

12,078 


767 

1,252 

71,862 


227 




238 

888 

25,421 


1,288 

1,787 

163,884 


108 

73 

13,348 


472 
545 

91,882 


2,838 

8,743 

53,881 


4,170 

8,042 

864,860 


6,810 

16,802 

414,360 


2 

312 
5,7B2 


74,208 


12,514 


73,881 


227 


26,043 


166,030 


13,528 


92,849 


66,672 


377,172 


487,972 
583,405 


6,086 


103,082 


18,367 


108,855 


227 


41,187 


241,321 


22.820 


138,466 


87,067 


406,285 


10.668 


103,082 


18,367 


102,855 


227 41,187 


241,321 


22,820 


138,466 


87,087 


495,538 


683,677 


10,676 


















7,516 


13,493 


20,261 







•••■■••••■ 

























48 
162 
860 


482 
1,331 
4,576 


48 
162 
368 


482 
1,881 
4,476 


23,875 
25,270 
81,186 


120,156 
107,876 
229,718 


141,648 
130,619 
802,794 


1,000 









































680 


6,388 


580 


<i,389 


130,340 


457,751 


575,061 


1,000 


1,747 

3,890 

15,167 


83 

83 

302 


1,747 

8,880 

15,167 




83 

83 

302 


1,747 

3,880 

16,167 






3,146 
106 
188 


4,867 

388 

13,352 


7,197 

483 

13,616 































20,804 


488 


20,804 




488 


20,804 






8.439 


18,107 


21,196 









, , 




682 
1,373 
5,783 


70 
70 
72 


682 
1,873 
8,843 






1,050 


101 
124 
146 


868 
1,835 
4,7n 


31 
54 
74 


187 
562 
934 


2,755 
12,^3 
14,430 


25,526 
23,386 
20,578 


28,005 
34,447 
83,566 




414 




7,848 


212 


5,898 


1,850 


871 


7,581 


158 


1,683 


28,478 


08,401 


96,018 


414 


28,752 


700 


26,802 


1,850 


1,438 


34,874 


738 


8,072 


163,257 


545,848 


602,375 


1,414 


28,752 


700 


26,802 


1,860 


1,438 


34,874 


739 


8,072 


170,773 


558,842 


712,536 


1,414 










r _, 








382 


45 


388 













7 

110 

1,341 


60 

785 

32,008 


7 

110 

1,841 


60 

795 

32,009 


1,063 
2,378 
1,252 


6,802 

5 737 

181,738 


7,877 

7 879 

182,864 


122 






• 




•0 










8,606 




















1,458 


82,864 


1,458 


82,864 


4,714 


204,378 


208,620 


10,028 












833 

2,608 
106,060 


328 

146 

4,674 


333 

2,608 
106,088 




328 

146 

4,674 


833 

2,608 

106,088 






1,404 

6,177 

10,203 


2,184 

2,473 

118,780 


3,454 

8,035 

127,970 


60 








114 








28,453 


108,030 


5,148 


100,030 




5,148 


108,090 


1 


17,784 


123,457 


139,450 


28,627 








2,088 

2,604 

57,878 


172 

151 

3,378 


2,073 

2,384 

57,878 


15 

210 




172 

155 

3,517 


2,073 

2,508 

62,147 




4 

188 




175 

4,260 


1,225 
1,887 
8,220 


5,382 

8,517 

154,640 


6,484 

10,227 

162,088 


110 

127 

15,555 


62,570 


8,702 


62,345 


225 


3,844 


66,788 


142 


4,444 


11,342 


168,548 


178,759 


15,782 


171,600 


8,850 


171,375 


225 


10,450 1 206,683 | 1,600 


87,308 


33,840 


486,384 


526,838 


55,447 


171,600 


8,850 


171,375 


225 


10,450 1 208,683 | 1,600 


37,308 

1 


34,222 


486,428 


527,226 

1 


55,447 
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Tablb 46. — Methaniml power^mipply equipment and fuel tued 



• 


• 

! 

6 


Slxe of plant 
(horsepower). 


Establishments. 


Power-supply equipment. 


Industry subgroup. 


Num- 
ber. 

4 


Aver- 

acesize 

(horse 

power). 


Asgregate 
norse- 
power. 








Prime movers 


• 








Total 
horse- 
power. 


' Steam engines. 


Steam turbines. 


Internal-combus- 
tion engines. . 


Water wheels. 


Num- 
ber. 


Hors^ 
power. 


Nimi- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 1 

1 


2 


« 


S 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


1 


Nop 

Steal 

1 
2 


ower 


1,884 












*■"**"'* 












n power only: 


303 
65 
20 


71 

319 

1,600 


21,657 
20^775 
46,524 


21,657 
20,775 
46^524 


365 
141 
165 


21,242 
20^350 
30^255 


4 

6 

24 


415 

425 

16,269 










ri 


01-500 










■p 


A1 an#1 oKava 










s 












1 1 


397 


223 


88,956 


88,956 


671 


71,847 


34 


17,109 










laneousin^ 










Pure 

p. 

2 


hased electric 
wer only: 
-200 


4,791 
31 
13 


9 
275 
900 


42,920 

8,535 

11,758 


t 






1 










01-500 
















1 


"k 


/II anil tttwMTA 








I 








1 


1 










1 








1 


4.835 


13 


63,213 








. 








other] 
















AUc 

1 
2 


»ther power: 
-200.. 


607 
77 
52 


41 

307 

1,340 


24,225 
23>607 
69,729 


16,203 
14^808 
42,164 


186 
119 
207 


9,940 
11,604 
26,102 


7 

1 

10 


212 

250 

13,644 


297 
25 
30 


3,797 

1,185 

532 


78 
19 
25 


2,245 
1,679 
1,886 


< 


JOl-500 

iOl and above. . . 




Total power.. 
Grand total.... 

No power 


. 736 


159 


117,851 


73,175 


512 


47, 745 


18 


14,106 


352 


5,514 


122 


5,810 


1 


1 5^968 


45 


270,030 


162,131 


1,183 


119,502 


52 


31, 215 


352 


5^514 


122 


5^810 




7,802 




270^030 


162,131 


1,183 


119,592 


52 


31,215 


352 


6,514 


122 


5,810 




1 33 












1 




























1 ' 




Stea 

] 

4 


mpower only: 


726 
7 
2 


39 
286 
890 


28.512 
2,000 
1,780 


28,512 
2I0OO 
1,780 


751 

15 

6 


28,042 


10 




470 














mi-.^m 












501 and above... 

Purchased electric 
power only: 
1-200 

All other power: 

1-200 

201-500 

501 and above... 

Total power.. 
Grand total.... 
















735 


44 


32,292 


32,292 


772 


31,822 


10 


470 




1 




1 




. 




15. Laundries. 


1 

542 


12 


6,653 












1 

i 








I 








278 
1 5 

1 3 


47 
299 
564 


12,963 
1,496 
1,693 


9,314 
1,275 
1,490 


203 
9 
7 


8,475 

1,275 

090 


7 

2 


153 


1 500 


41 




588 




5 


1 


98 






1 286 


56 


16,142 


12,079 


219 


10,740 


9 


! 653 


41 


588 


5 


98 




1,563 


35 


55,087 


44,371 


991 


42,562 


19 


1,123 


41 


588 


i s 


98 




! 1,596 




55,087 


44,371 


991 


42,562 


19 


, 1,123 


41 


588 


5 


98 




1 

No] 
Stea 


[)ower 


3 






1 














mpower only: 










'**"*! * ••••••• 










52 

5 

77 


60 

312 

3,130 


3,114 

1,560 

241,085 


3,114 

1,560 

241,065 


123 

32 

1,298 


3,114 

1,560 

206,175 






19 


1 





34,910 












aOl-500 




1 






SOI and nhovA . 




1 




Purchased electric 
power only: 

1-BOO 

201-500 

501 and above. . 








134 


1,830 


245,759 


245,750 


1,453 


210,849 


19 


34,910 




1 t 1 




1 


J 


27 

12 

9 


101 

345 

1,580 


1 

2,736 

4,163 

14,240 


1 




1 
J 

1 

1 




1 
1 
1 




£ 


' 1 """i;:::":: 
















1 


. 


1 








C 


















«« 


48 


440 


21,139 




1 










, 1 


i 






1 








. 


AU( 


Dther power: 
1-200 


33 

7 

162 


58 

344 

3,880 


1,916 

2,405 

628,507 


1,404 

1,276 

533,785 


52 

32 

3,761 


775 

1,260 

517,257 






26 




1 
1 15,765 


54 

1 

24 


629 

15 

773 












201-500 

501 and above.. 




Total power. 
Grand total... 

1 


202 


3,130 


632,828 


536,464 
• 


3,845 


519,292 


26 


15,765 


79 


1,417 










.1 384 


1 2,340 


899,726 


782,223 


5,298 


730, 141 


45 


50,666 


79 


1,417 


1 







387 


1 


899,726 


782,223 


5,298 


730,141 


1 4,", 


50,tJ65 


79 


1,417 


1 


1 
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hff industry gubgroupSj hy character of power supply — Contiiiued. 



Power^apply equipment— Continued. 


Electric motors. 


' Fuel used. 


Ol)erated by purchased energy. 


Total. 


Run by current gen- 
erated in establish- 
ment. 


CoaL 




Total 
horsepower. 


Electric motors. 


Other 
(horse- 
power). 


Anthracite 
(long tons). 


Bitumi- 
nous (short 
tons). 


Total 
equivalent 

bitumi- 
nous (short 
tons). 


• 

Coke 
(short 
tons). 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


27 



















3,559 


9,731 


12,931 


118 


























483 

833 

2,691 


2,453 

5,915 

30,449 


483 

833 

2,691 


2,453 

6,915 

30,449 


23,185 
29,517 
42,280 


79,714 

69,594 

248,693 


100,514 

96,194 

286,000 


2,867 










671 










10,242 




















4,007 


38,817 


4,007 


38,817 


94,982 


398,001 


482,708 


13,780 












42,920 

8,535 

11,758 


17,475 
569 
977 


42,920 

8,535 

11,758 




17,475 
509 
977 


42,920 

8,535 

11,758 






27,649 
2,154 
2,120 


36,968 
25,075 
30,447 


61,768 
27,015 
32,357 


663 








79 



















63,213 


19,021 


63,213 




19,021 


63,213 






31,923 


92,490 


121,140 


742 












8,822 

8,799 

27,565 


940 

818 

1,794 


6,262 

8,799 

27,565 


2,060 




1,137 
1,486 
3,213 


7,529 
12,650 
43,271 


197 

668 

1,419 


1,267 

3,851 

15,706 


119,020 
19,239 
80,906 


45,504 

52,572 

150,084 


152,524 

69,872 

222,784 


1,503 
1,211 
1,919 


44,686 


3,552 


42,626 


2,060 


5,836 


63,450 


2,284 


20,824 


219, 165 


248,160 


445,180 


4,633 


107,899 


22,573 


105,839 


2,060 


28,864 


165,480 


6,291 


59,641 


346,070 


738,651 


1,049,028 


19,155 


107,899 


22,573 


105,839 


2,060 


28,864 


165,480 


6,291 


59,641 


349,629 


748,382 


1,061,959 


19,273 
















1,771 


247 


1.837 











: 




••* •*" 


' 












927 
131 
228 


3,126 

705 

1,481 


927 
131 
228 


3,128 

705 

1,481 


93,616 
4,355 
7,217 


138,193 
5,575 
2,812 


222,493 
9,506 
9,312 


3,234 




1 


































1,286 


5,312 


1,286 


5,312 105,188 


146,580 


241,310 


3,234 








6,658 


1,369 


6,653 




1,369 


6,653 






24,478 


26^357 48,357 


1,131 












3,639 
221 
203 


534 

102 

22 


2,254 
221 
203 


1,886 




972 
261 
243 


4,268 
634 
636 


438 
159 
221 


2,014 
413 
433 


37,820 
4,969 
4,353 


46,670 

10,806 

3,601 


80,670 

15,266 

7,521 


407 

39 




4,063 


658 


2,678 


1,385 


1,476 


5,538 


818 


2,860 


47,132 


61,077 


103,457 


606 


10,716 


2,027 


9,331 


1,385 


4,131 


17,503 


2,104 


8,172j 176,796 


234,014 


398,124 4,871 


10,716 


2,027 


9,331 


1,385 


4,131 


17,503 


2,104 


8,172 


178,569 


234,261 


394,961 4,871 
















1 
! 90 





80 










2 


60 



120,988 


2 60 



17,995 

17,441 

2,734,426 


2,749 




18,900 

15,700 

2,460,000 














2,505 













2,505 


120,983 

















• f • ' -•• 








2,597 


121,043 2,507 


121,043 


2,709,862 


2,749 


2,494,600 


2,736 

4,163 

14,240 


91 
112 
325 


2,736 

4,163 

14,240 




91 
112 
325 


2,736 

4,163 

14,240 






3,195 

2,361 

20,085 




20 




2,980 

2,140 

18,100 





























21,139 


528 


21,139 




528 


21,139 






25,641 


20 


23,220 















512 

1,130 

94,722 


30 

42 

1,281 


512 

1,130 

94,722 







30 

42 

2,449 


512 

1,130 

150,422 






1,168 






64,700 


1,198 

24,077 

5,731,766 


1,327 



25,567 


2,390 

21,700 

5,180,000 







96,364 


1,353 


96,364 





2,521 


161,064 


1,168 


6»,700 


5,757,041 


26,894 


5,204,090 





117, .503 


1,881 


117,508 





5,646 


303,246 


3,765 


18.5,713 


8,552,544 


29,663 


7,721,910 i 


117,503 


1,881 


117,503 


5,646 

, 


303,216 


3,765 


185,743 


8,552,634 


29,663 


7,721,990 
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Tablb 46. — MeduxMoal potoet'tupply equipment and fuel used 





• 


1 

Sise of plant 
(bonepower.) 










Power-eapply eqntpment. 




• 

p. 


Num- 
ber. 


Aver- 
age sixe 
(none- 
power). 


Affiregate 
nors^ 
power. 


Prime movers. 


Total 
horse- 
power. 


. Steam engines. 


Steam turbines. 


Intemal-oambufl- 
tion engines. 


Water wheels. 


Nmn- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


2 


8 


4 


5 


6 


7 


8 


9 


10 


11 


13 


' 18 


14 


15 




Nop 

Steal 

1 
2 


ower. ■•.•..••.•■ 


88 


























n power only: 
























f 


213 
85 

14 


71 

314 

1,223 


15,038 
11,005 
17,158 


15,038 
11,005 
17,158 


356 
131 
114 


14,837 
11,005 
14,108 


6 

5 


201 



2,990 




_^ 






ni.jtfn 










601 vid above... 










1 










262 


105 


43,201 


43,201 


601 


40,010 


11 


8,191 



















I 


Pure 
pc; 

a. 


based electric 
reronly: 
-200.... 


78 
8 

4 


72 
300 
806 


5,620 
2,405 
3,226 




















9 


m.jtfn 




















5 


501 and above... 




















g 




















p 


90 


125 


11,260 




















o« 


, 


















1 


AUG 

1 

a 


ther power: 
-200...... 


131 
41 
31 


71 

803 

1»123 


9,315 
12,431 
34,824 


5,863 

7,603 

18,203 


123 
117 
315 


4,036 

6,220 

14,020 




1 






275 


93 
20 
20 




1,352 
377 

Of rJ%0 


7 
8 
2 


475 

1,096 

150 


i 


Ol-fiOO 


01 and above... 


Total power.. 
Grand total.... 

rSteampower only: 
501 andabcree... 


203 


279 


56,570 


31,849 


555 


24,276 


1 


275 


183 


5,577 


17 


1,721 


555 


200 


111,031 


75,060 


1,156 


64,286 


12 


3,466 


133 


5,577 


17 


1,721 




643 




111,031 


75,050 


1,156 


64,286 


12 


8,466 


133 


5,577 


17 


1,721. 


m 


1 

8 


20 
6,480 


20 
51,856 


20 
51,856 


1 
34 


20 
19,660 



20 



32,196 










8 










^ 










9 


5,760 


51,876 


51,876 


35 


19,680 


20 


32,196 










1 
1 




* ■ ■ ' 






Pun 

. '^ 

J 


ibased electric 

weronly: 

-200 


13 

1 


70 
225 


906 
225 




















K)i-500 







































6 


All other power: 
501 and above... 


14 


81 


1,131 




















f^ 




















o 

o 

• 


8 


6,340 


40,722 


25,658 


21 


10,648 


16 


14,000 


4 


100 


3 


910 






Total power.. 


31 


3,350 


102,729 


77,534 


50 


30,328 


36 


46,196 


4 


1 100 

1 


3 


910 
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hy induatry aubgroupM^ by diaraeUr ofpov>er supply — Omtiiiued. 



Power-sapply equipment— Contlniied. 


Electric motors. 


Fuel used. 




Total. 

• 


Run by current sen- 
erated In establish- 
ment. 


(?oal. 




Total 
boiMpofrer. 


Electric motors. 


Other 
(horse- 
power). 


Anthiadte 
(long tons). 


Bitumi- 
nous (Short 
tons). 


Total 
egulTalent 

bitumi- 
nous (short 
tons). 


CkdM 
(short 


Number. 


Hors^ 
power. 


tons). 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




16 


17 


18 


19 


30 


21 


28 


83 


24 


25 


26 


27 


















36 


602 


633 































8 
21 
62 


4 

195 

386 

4,367 


8 
21 
62 


105 

886 

4,367 


6,068 

3,720 

27,133 


60,586 
33,484 
47,752 


66,140 
36,830 
72,200 


41 





















12 


• * J* ■*****■** 

















91 


4,948 


91 


4,948 


36,021 


141,822 


174,170 


63 













■ 

5,620 
3,226 


178 
31 
70 


5,629 
2,405 
3; 226 




178 
81 
70 


6,629 
2,406 
3,226 






326 



64 


1,440 
669 
814 


1,780 
669 
870 































11,260 


274 


11,200 




274 


11,260 






389 


2,923 


3,269 














3,462 

4,738 

16,531 


136 

. 140 

239 


3,462 

4,738 

16,631 







186 
141 
292 


3,462 

4,753 

19,300 






2,683 
1,607 
51196 


17,268 
18,310 
66,212 


19,670 
19,780 
59,880 


41 


1 
63 


15 
2,700 


50 

184 


24,721 


615 


24,721 





509 


27,605 


54 


2,784 


9,488 


90,780 


99,310 


275 


36,961 


789 


36,961 





934 


43,713 


146 


7,732 


45,798 


236,525 


276,749 


328 


35,961 


789 


35,961 





934 


43,718 


145 7,732 


46,833 


236,127 


277,382 


328 






• 





6^732 



74,478 



.6,782 



74,478 


• 

12,822 


1,211 
200,078 


1,211 
211,618 


781 










2,085 




.......... 
















6,732 


74,478 


6,732 


74,478 


12,822 


201,280 


212,829 


2,800 






. 


, , 




906 
225 


460 
21 


906 
226 




460 
21 


906 
225 






3,636 
340 


956 



4,138 
306 






















1,131 


481 


1,131 




481 


1,131 






3,876 


966 


4,444 











« 


21,064 


1,338 


24,064 





6,433* 


55,814 


4,096 


31,750 


7,677 


201,404 


208,313 


726 


26,196 


1,819 


25,105 





12,646 


131,423 


10,827 


106,228 


24,375 


403,649 


425,586 


3,532 
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Table 47. — Mechamcdt, power-supply equipment^ 

[Data from census of 





County. 


Size of plant 
(horsepower). 


EstabUshments 


* 

Power-supply equipment. 




reporting 
power. 


Anregate 
horse- 
power. 


Prim6 movers. 


State. 


Nimi- 
ber. 


Aver- 
se 
site 
(horse- 
power). 


Total 
horse- 
power. 


Steam engines. 


• 

Steam turbines. 




Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


1 
2 I 


3 


4 


5 


6 


7 


8 





10 


11 




fnhAahlrtt • 


n-200 '. 


141 
22 

6 


51 
350 
938 


7,209 
7,692 
6,628 


5,578 
5,646 
4,686 


68 
32 
19 


4,028 
3,505 
3,845 


8 
1 



65 

150 






201-500 




501 and above 




Tfillsboroiiffh 


(1-200 




169 


121 


20,529 


15,908 


119 


10,878 


4 


216 




317 
20 
18 


29 

262 

4,920 


10,558 

7,640 

88,682 


6,568 

5,066 

67; 171 


89 
86 
60 


4,629 

3,706 

21,475 


2 

3 

14 


75 

450 

80,839 




201-500 




501 and above 




Merrimack 


1-200 


New Hampshire ^ 


364 


291 


106,880 


78,804 


185 


.29,810 


19 


81,364 


163 
18 
18 


40 

316 

1,710 


6,516 

5,685 

22,898 


3,877 

5,086 

18,755 


60 
18 
48 


2,651 
2,085 
6,315 














201-500 




501 and above 




Rooklnffham . .... 


fl..20O 




194 


177 


34,598 


27,667 


126 


11,051 










164 
3 
5 


35 
255 

2,806 


5,724 

765 

14,080 


4,153 

765 

13,530 


71 

2 

19 


3,476 

. 476 

11,900 




2 






760 




201-500 




501 and above 




Wfflpn'T^flton . ..... 


fl-200 




172 


119 


20,519 


18,448 


92 


15,851 


2 


760 




111 

13 

6 


41 

286 

1.104 


4,546 
3,723 
6,623 


3,712 
2,770 
4,273 


49 
12 

10 


2,426 
1,765 
1,830 




2 






1,363 




201-500 1... 




501 and above 




Windham 


1-200 




130 


114 


14,892 


10,755 


71 


6,021 


2 


1,368 


Vermont 


147 

15 

5 


41 

333 

2,572 


6,081 

4,996 

12,862 


4,941 

3,110 

10,930 


66 
18 
20 


2,846 
2,170 
2,030 














201-500 




501 and above 




Barnstable 


1-200 




167 


143 


23,999 


18,981 


103 


7,046 










31 

1 


14 
925 


432 

925 


340 
900 


8 
3 


222 
900 


1 



48 





501 and above 




'Rerkslii»'e. ............. 


n-200 




• 


32 43 


1,857 


1,240 


11 


. 1.122 


1 


48 




! 221 i. 29 


* 6,414 

7^594 

64,575 


3,401 

5,319 

52,112 


54 

37 

104 


1,871 

3,928 

24,726 


2 

3 

13 


100 

440 

14,058 


1 

1 


201-500 

501 and above 


25 
29 


304 
2,230 




Bristol 


1-200 


1 


276 


285 


78,583 


60,882 


285 


30,525 


18 


15^108 


1 


815 

44 

111 


22 

298 
2,820 


18,326 

13, 171 

313,488 


6,809 

7,807 

255,100 


115 

62 

270 


6^543 

6,301 

214^201 


4 

8 

40 


135 
760 

37,084 




201-500 




• 501 and above 




T^nlr^ 


1-200 


1 


970 


354 


1 344,960 


280,716 


447 


226,045 


62 


37,979 


1 


; 12 


11 


126 


121 


3 


43 








1 


1-200 




Essex ,. 


12 


11 


126 


121 


8 


43 








1 
Massachusetts 


1,197 
57 

1 « 


26 

310 

3^400 


38,427 

17,681 

196,800 


10,992 

12,569 

162,990 


180 

88 

285 


9,880 
1L584 
4^318 


6 

3 

65 


240 

175 

97,787 




201-l»00 


i 


• 501 and above 




Franklin 


1-200 




1,612 


156 


252,908 


186,551 


553 


68^791 


74 


98,202 




' 181 

7 

11 


37 

316 

1,937 


6,699 

2,213 

21,305 


3,523 

1,576 

14,176 


36 

3 

19 


1,665 

326 

3,150 


1 

2 


50 



1,300 




201-600 

501 and above 

1-200 




Hampden ,. 




199 


150 


30,217 


19,274 


68 


6^130 


3 


1,360 




, 662 
44 
60 


29 

308 

3,365 


18,995 

13,307 

201,932 


7.483 

7,896 

139,576 


95 

52 

225 


5^758 

5,781 

46^281 


1 

2 

37 


75 

70 

29,760 




201-600 

< 501 and above 




• 

Hampshire.. •...••••«• 


1-200 




! 756 


310 


234,235 


154,955 


372 


56,770 


40 


29^905 




I 145 
12 
12 


35 

312 

2,865 


5,135 

3,745 

34,380 


2,926 

2,755 

16,958 


34 
14 

20 


1,562 
1,935 
4,087 


2 


5 


22 



5^947 




201-500 

501 and above 




, 


1 


1 


169 


255 


43,260 


22,639 

* 


68 


7,534 


7 


5,968 
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by counlia cmd size of plant, 
manaractaras, 1910.] 



Power-sapply equipment— Contlimed. 


Electric motors. 




Prime mover»--Coiitlnued. 


• 

O perated by porchaaed energy. 


' Total. 


Run by current 

generated in 

estabUshment. 


Number 
of estab- 
lishments 
reporting 
no power. 


Internal-oomlniA- 
tlon engines. 


Water wheels. 


Total 
horse- 
power. 


Eleotric motors. 


Other 
(horse- 
power). 


Num- 
ber. 


Hone- 
power. 


Num- 
ber. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




18 


13 


14 

< 


15 


16 


17 


18 


10 


SO 


21 


22 


23 


24 


9 




133 




88 
26 
10 


1,347 
1,000 
1,340 


1|636 

2,047 

043 


236 
02 
60 


.1,636 

1,032 

043 




115 




237 

158 
84 


1,630 
2,573 
1,113 


1 

66 
15 


3 
641 
170 










9 


133 


60 


4,677 


4,626 


307 


4,511 


115 


479 


5,325 


82 


814 


17 


34 




198 




44 



65 


1,666 

000 

14,857 


3,000 

2,575 

21,511 


783 

273 

1,770 


3,740 

2,575 

21,511 


250 




700 

502 

2,870 


3,010 

4,240 

53,110 


16 

220 

1,100 


170 

1,674 

31,500 










24 


198 


118 


17,432 


28,076 


2,835 


27,826 


250 


4,180 


61,200 


1,345 


33,443 


50 


• 8 




126 




34 
34 
46 


1,100 

2,050 

12,440 


2,638 

650 

3,643 


453 

32 

470 


2,612 

650 

3,643 


26 




467 

56 

562 


2,606 
1,006 
4,337 


14 
24 
02 


84 
356 
604 










8 


126 


114 


16,490 


6,031 


055 


6,005 


26 


1,085 


8,039 


130 


1,134 


20 


14 
2 



207 

230 




14 
2 
6 


470 

60 

870 


1,571 



500 


230 



111 


1,571 



500 







276 

15 

663 


1,733 



6,865 


46 

15 

552 


162 

79 

6,355 










16 


437 


22 


1,400 


2,071 


341 


2,071 





054 


8,667 


613 


6,506 


24 


14 

4 



102 

60 




38 
15 
11 


1,184 

056 

1,080 


834 

053 

2,350 


132 
64 
26 


834 

953 

2,350 







132 

76 

168 


834 
1,271 
3,000 




12 

142 



318 
650 












18 


152 


64 


3,210 


4,137 


TfQ 


4,137 





378 


5,105 


154 


068 


14 


21 




167 




55 
14 
34 


1,028 

040 

8,000 


1,140 
1,886 
1,082 


242 

205 

72 


1,140 
1,886 
1,932 







244 
325 
104 


2,780 
2,195 
2,927 


2 

120 

32 


1,640 
300 
005 










21 


167 


103 


11,768 


4,958 


510 


4,968 





673 


7,002 


154 


. 2,044 


7 


12 



50 



3 



11 



02 
25 


10 

1 


92 
25 






10 
153 


02 
2,215 



152 



; 2,100 








12 


50 


3 


11 


117 


11 


117 





IV 


2,307 


152 


2,100 


20 


18 
2 



347 

110 




25 
11 
81 


1,083 

841 

12,728 


3,013 

2,275 

12«468 


512 
234 

847 


3,001 

2,275 

12,463 


12 




550 

316 

5,334 


3,144 

3,018 

40,068 


47 

82 

4,487 


143 

743 

36,606 








?o 


457 


117 


14,662 


17,751 


1,503 


17,739 


12 


6,200 


55»230 


4,616 


37,401 


40 


41 

5 

- 3 


484 
221 
675 


18 



46 


647 

525 

3,140 


11,517 

5,364 

58,383 


2,033 

378 

3,840 


11,517 

5,364 

58,383 







2,044 

487 

6,757 


11,832 

7,021 

106,388 


21 

100 

2,008 


315 

1,657 

48,005 










49 


1,380 


73 


4,312 


75,264 


6,250 


75,264 





0,288 


125,241 


3,088 


40,977 


120 


9 


78 








5 


5 


6 





7 


12 


2 


7 






9 


78 








5 


5 


5 





7 


12 


2 


7 


6 


38 



11 


403 



870 


13 
16 

57 


460 

810 

17,015 


27,435 

5,112 

33,810 


4,412 

584 

4,523 


21,724 

5,112 

33,810 


5,711 




4,688 

881 

17,011 


23,386 

8,062 

151,113 


276 

297 

12,488 


1,662 

3,850 

117,308 










49 


1,278 


86 


18,285 


66,357 


0,510 


60,646 


5,711 


22,580 


183,461 


13,061 


122,815 


210 


17 
1 



216 

126 




45 

7 

31 


1,602 
1,125 
0,728 


3,176 

638 

7,120 


629 

61 

001 


3,176 

638 

7,120 







757 

116 

1,128 


3,804 

1,086 

10,310 


128 

56 

137 


628 

448 

3,100 










18 


341 


83 


12,453 


10,043 


1,681 


10,043 





2,001 15,200 


820 4,266 


15 


14 

1 
4 


200 

3 

52 


38 

27 

177 


1,441 

2,042 

64,533 


11,512 

5,411 

62,357 


2,347 

630 

2,840 


11,188 

5,411 

60,267 


324 



12,100 


2,450 
1,046 
5,413 


12,000 

7,685 

00,418 


108 

416 

2,564 


002 

2,274 

49,161 










19 


264 


242 


68,016 


70,280 


6,826 


66,856 


12,424 


8,000 


110,103 


3,083 


52,337 


135 


6 

3 


127 



635 


36 

8 

36 


1,215 

82U 

.6,330 


2,200 

090 

17,422 


334 

110 

1,652 


2,200 

000 

17,422 







300 

388 

1,850 


2,310 

1,222 

23,534 


65 
264 
108 


101 

232 

6,112 










9 


762 


80 


8,374 


20,621 


2,105 


20,621 





2,632 


27,066 


627 


6,445 


34 
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Table 47. — Mechanical power-iupply equipment^ 





County. 


Sise of plant 
(horsepower). 


Establishments 

reporting 

power. 


• • 


Power-supply equipment. 




» 


Aggregate 
horse- 
power. 


Prime movers. 


SUte. 


Num- 
ber. 


Aver- 

sue 
(horse- 
power). 


Total 
horse- 
power. 


Steam engines. 


Steam turbines. 




Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


2 


3 


4 


5 


6 


7 


8 





lO 


11 




rMlddlesex. 


1-300 


1,410 

103 

81 


30 

304 

2,450 


43,060 

31,020 

196»210 


20^548 

18»996 

143,116 


306 

121 
332 


17,702 
16^741 
66^240 


id 

6 

80 


367 

631 

47,138 




201^600 




501 and above 




Nantueknt 


1-20C 




1,503 170 


372; 310 


182,600 


779 


100,680 


96 


48,1.% 




6 


27 


163 


163 


3 


163 










fl-200 




Norfolk 


6 


27 


163 


163 


3 


163 










420 
38 
23 


33 

848 

1,750 


13,902 
13,063 
40,473 


6,215 

8,506 

19,330 


98 
44 

40 


5,470 

6,718 

12,285 


1 

3 

10 


.46 

227 

5,9S3 




201-500 




501 and above 




Plymouth 


1-200 


Massachusetts. 

(Oontlnufld.) 


481 


140 


07,438 


34,140 


182 


24,473 


14 


6,256 


370 
34 
12 


38 
821 

1,826 


14,067 
10,906 
21,996 


6,539 

6,120 

17,122 


81 
43 
29 


5,336 

4,839 

12,375 


1 
3 

12 


20 

- 614 

4,137 


201-500 




501 and above.,. 

1-200 




Suffolk. 

Woroester 




416 


112 


46,971 


29,781 


153 


22,550 


16 


4,771 




2,501 
87 
46 


18 

328 

1,290 


44,293 
28.592 
59,779 


13,368 
13,030 
41,062 


214 
136 
169 


11,971 
12,112 
29,777 


5 

3 

24 


9 

688 

10,380 




201-500 




501 and above 




fl-200 




2,634 


50 


132,664 


67,489 


519 


53,860 


32 


11,077 




1,139 
110 
101 


39 

300 

1,930 


43,997 

34017 

195,688 


20,451 

18,653 

120,310 


236 

99 

460 


15,414 
13,358 
85,413 


3 

1 
168 


75 

100 

17,011 




201-500 




501 and above 




fBristol 


fl-200 




1,350 


202 


273,702 


150,444 


804 


114,185 


172 


17,186 




53 

1 
7 


17 

863 

2,200 


915 

863 

15,401 


289 



10,039 


9 



13 


251 



9,739 





1 






300 




201-500 




501 and above 




Kent 


1-200 




61 


272 


16,679 


10,208 


22 


9,990 


1 


300 




76 

5 

17 


30 

339 

1,706 


2,305 

1,095 

29,149 


1,167 

1,195 

29,149 


18 

6 

77 


1,087 

875 

17,650 




3 






2,605 




201-500 




501 and above 




Newport 


ri-200 




08 


338 


33,149 


81,511 


101 


19,621 


3 


2,605 




117 
1 
4 


16 

350 

2,384 


1,850 

350 

9,537 


1,344 



9,204 


20 

8 


647 



3,425 


2 

3 


140 



5,764 




201-500 


Bhod4 Island . . . . ^ . ^ 


501 and above 




• 

Provldenoe 


1-200 




122 


96 


11,746 


10,548 


28 


4,072 


5 


5,904 




1,549 25 

86 310 

106 2 MO 


38,610 

26,550 

276,181 


11,831 

16,349 

226,330 


207 
127 
320 


10, HI 

13,886 

111,203 


4 

3 

58 


91 

350 

07,536 




201-500 

501 and above 




Washington 


1 

1-200 




1 - 




1,743 


195 


341,341 


254,519 


654 


135,100 


65 


97,977 




87 

14 

6 


42 
296 
957 


3,660 
4,156 
5,740 


2,765 
3,325 
4,506 


80 
20 
71 


1,658 
2,170 
3,300 


1 

2 


50 



900 




201-500 




501 and above 




.Talrtek! 

WailfanI 


(1-200 




107 


126 


13,556 


10,596 


121 


7,128 


3 


950 




.843 
41 
48 


30 

328 

2,140 


25,750 

13,559 

102,501 


11,585 
7,233 


168 

40 

146 


8,356 

5,233 

34,457 


11 

6 

39 


351 

583 

28,300 




201-500 




601 and above 




fl-200 




932 


151 


141,900 


83,666 


354 


48,046 


56 


39,134 




756 
68 
57 


27 

304 

1,640 


20.005 
20,711 
93,719 


6,283 
12,967 
43,435 


104 

77 

126 


5,152 

9,172 

26,813 


1 

17 
13 


50 
524 
5,991 


fViin nawt 1 r»i 1 1 


201-600 




LltohfleM 


601 and above 

1-200 




881 


152 


134,435 


62,685 


307 


41,137 


21 


6,565 




226 30 
13 313 
12 1 1,840 


6,760 

4,061 

22,135 


4,730 

3,572 

18,610 


54 
17 
19 


2,491 
2,465 
6,530 


1 
1 
8 


12 

167 
11,200 




201-500 








I 


OvX ttlnl ttOOVO. •••.••■• 




251 


131 


32,056 


26,912 


90 


11,386 1 


10 1 


11,379 
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by countUa and me ofpknU — (Continued. 



Power-supply equipment— Continued. 


Electric motors^ 




k 

Prime morers— Continued. 


Operated by purchased energy. 


TotaL 


Run by current 

generated in 

establishment. 


Number 
of estab- 
lishments 
reporting 
no power. 


IntemaIroombu»- 
tion engines. 


Water wheels. 


Total 
horse- 
power. 


Electric motors. 


Other 
(horse- 
power). 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Nimiber. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Hors^ 
power. 




IS 


13 


14 


15 


16 


17 


18 


19 


90 


21 


23 


23 


24 


80 
5 

1 


1,413 

379 

10 


34 

16 

113 


1,067 

1,185 

29,722 


22,532 
12,084 
55,094 


4,335 
1,357 
3,809 


20,621 
12,064 
55,094 


1,911 




4,507 
1,973 
9,511 


22,336 

16,339 

124,198 


262 

616 
5,702 


1,715 

4,255 

69,104 










86 


1,802 


163 


31,974 


89,710 


9,501 


87,799 


1,911 


16,081 


162,873 


6,580 


75,074 


273 










































0. 



































3 


18 

4 
2 


231 

453 

52 


13 

17 
17 


468 
1,197 
1,010 


7,687 

4,468 

21,143 


1,393 

363 

2,106 


7,433 

4,468 

21,143 


254 




1,477 

671 

2,557 


7,779 

6,018 

28,309 


84 
308 
451 


346 
1,550 
7,166 








24 


736 


47 


2,675 


33,296 


3,862 


33,044 


254 


4,705 


42,106 


843 


9,062 


58 


10 
3 



351 

136 




29 

11 

8 


832 
531 
610 


7,528 
4,786 
4,876 


1,368 
847 
506 


6,798 
4 786 
4,876 


730 




1,444 
910 
680 


7,427 
5,450 
8,360 


76 

63 

174 


629 

664 

3,484 










22 


487 


48 


1,973 


17,190 


2,721 


16,460 


730 


3,084 


21,237 


313 


4,777 


53 


64 
6 
5 


1,224 
204 
425 


7 

1 

17 


164 

35 

500 


39,925 
15,553 
18,697 


8,866 
2,246 
1,563 


29,106 
15,093 
18,497 


1,819 
460 
200 


9,392 
3,260 
4,809 


31,271 
19,044 
43,659 


526 
1,013 
3,246 


2,165 

3,951 

25,162 










75 


1,853 


25 


699 


66,175 


12,675 


62,696 


2,479 


17,460 


93,974 


4,785 


31,278 


098 


44 


2 


842 



827 


103 
65 
76 


4,120 

5,196 

17,079 


23,646 
15,364 
75,348 


4,3S4 
1,823 
4,151 


23,091 
15,364 

75,348 


455 




4,694 
2,513 
6,605 


25,223 

19,038 

10e,601 


310 

690 

2,544 


2,182 

3,674 

31,253 










46 


1,660 


244 


26,404 


114,258 


10,358 


113,803 


465 


13,902 


150,862 


3,544 


37,050 


168 


2 




8 















656 

363 

5,362 


127 

6 

256 


654 

363 

5,362 


2 




127 

6 

283 


654 

363 

6,229 






27 






867 










2 


8 








6,381 


389 


6,379 


2 


416 


7,246 


27 


867 


15 


6 
2 




55' 

20 




1 

3 
53 


25 
300 

8^885 


1,138 

500 




329 

43 




1,103 

500 




35 




331 
188 
382 


1,126 

946 

4,534 


2 
145 
382 


23 

446 

4,534 










8 


75 


57 


9,210 


1,638 


372 


1,603 


35 


901 


6,606 


529 


5,003 


9 


33 

2 


447 



16 


3 




110 




515 
350 
333 


167 
45 

5 


615 
350 
333 







160 
45 

683 


523 

350 

4,876 


3 



678 


8 



4,543 










34 

48 

1 
6 


402 


8 


110 


1,196 


207 


1,196 





888 


5,749 


681 


4,551 


25 


662 
4 

3,125 


27 

23 

103 


977 

2,109 

14,476 


28,779 
10,201 
49,842 


5,315 
1,211 
4,617 


25,458 
10,201 
49,842 


1,321 




5,606 

1,583 

10,670 


27,666 

13,404 

101,036 


291 

372 

6,153 


2,208 

3,203 

52,094 








.... 


50 


3,781 


153 


17,562 


86,822 


11,043 


85,501 


1,321 


17,859 


143,006 


6,816 


57,505J 


375 


16 
2 



104 

35 




21 

23 

6 


953 

1,120 

308 


894 

Kil 

1,232 


214 
64 
27 


839 

831 

1,232 


55 





347 
143 
109 


1,079 
1,523 
2,601 


133 
79 
82 


240 

602 

1,369 










18 


139 


50 


2,381 


2,957 


305 


2,902 


55 


599 


5,203 


294 


2,301 


15 


66 

4 
8 


1,051 
355 
860 


33 

7 

13 


1,927 
1,062 
1,222 


14,165 

6^326 

37,743 


2,400 

616 

2,865 


14,165 

6^326 

37,743 







2; 619 

876 

6»M9 


15^177 

9,013 

75^237 


219 

260 

3,704 


1,012 

2^697 

37,494 










77 


2,275 


33 


4,211 


58,234 


5,881 


58^234 





10,064 


99,427 


4,183 


41,193 


160 


29 

12 

1 


265 

238 

60 


27 
43 
68 


816 

3,033 

10^571 


13,722 

7,744 

50,284 


2,318 

583 

2,642 


13,722 

7,744 
50^284 







2,563 

800 

3,966 


15,298 

9,773 

68,500 


245 

217 

1,324 


1,576 

aL020 

18,306 










42 


563 


138 


14,420 


71,750 


5^643 


71,750 





7,329 


98,661 


1,786 


21,911 


181 


36 




545 





46 
16 
10 


1,682 

1,040 

880 


2,030 

489 

3,525 


288 

36 

274 


2,018 

489 

3,525 


12 




472 
115 
603 


2,941 

1,555 

13,478 


184 

79 

329 


923 
1,066 
9,953 










36 


545 


72 


3,602 


6»044 


598 


6,032 


l2 


1,190 


17,974 


592 


11,942 


35 



63361**— 21- 



^ 
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Table 47. — Meehanioal power-tupply equipment. 





County. 


8ixe of plant 
(boTBepower). 


Establiahments 

reporting 

power. 


Power-eupply equipment. 


, 


Aggregate 
norse- 
power. 


« 
Prime movers. 


state. 


Num- 
ber. 


Aver- 

See 
(horse- 
power). 


Total 
horse- 
power. 


Steam engines. 


Steam turbines. 




Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


2 3 

1 


4 


5 


6 


7 


8 


9 


10 


11 




fMiddleeex. 


fl-200 


206 

13 
8 


32 

m 

766 


6,476 
3,796 
6,117 


4,092 
3,060 
3,877 


56 

15 
. 20 


2,181 
1,432 
2,608 


2 
1 

1 


70 
26 
30 




201--600 




NewHaTen. 


501 and above 

fl-200 ....!. 


, 


226 


73 


16,389 


11,019 


90 


6,311 1 4 


126 




1,164 
64 


23 

325 

2,520 


26,456 

28,894 

161,470 


9,925 

18,148 

106,182 


187 
123 
212 


8,009 
15 795 
48,628 


6 

7 

51 


215 

809 

49,902 




201-500 




Aill anH aKAmm 




New London 


OTNl ttUvl ttOO Ve ......... 

fl-200 




1,317 


164 


216,820 


134,255 


552 


72,432 


64 


60,966 




257 
29 
33 


31 

330 

1,510 


8,129 

9,622 

50,002 


5,119 

5,904 

41,062 


64 
56 

72 


2,808 

4,432 

20,900 


2 

9 


195 



5,453 


Connecticut 

(Continued.) 


201-500 


Tolland . . 


vVA WHA IftUWO. ........ 

1-200 




319 


212 


67,758 


52,075 


191 


28,239 


11 


5,648 




98 

14 

7 


25 
337 
962 


2,441 
4,740 
6,871 


2,008 
3,724 
6,150 


38 
19 
23 


1,266 
2,210 
4,075 


1 




25 






201--600 




IVIn^hArn 


501 and above 

1-200 




119 


118 


14,062 


11,972 


80 1 7,551 


1 


25 




178 

8 

20 


31 

287 

2,460 


5,313 

2,298 

49,392 


4,480 

2,038 

45,570 


62 

7 

67 


2,775 

955 

28,145 


3 



13 


28 



7,286 




201-«0. 




fAlbany 


501 and above 

/1-200 




201 


283 


57,003 


52,088 


136 


26,875 


16 


7,314 




413 
31 
15 


29 

310 

2,670 


11,805 

9,629 

40,020 


3,790 

4,128 

11,965 


76 
42 
25 


3,248 
4,128 
7,390 




5 


8 

4,300 




201^600 




501 and above 




Bronx 


1-200 




450 


134 


61,454 


19,903 


143 


14,766 


5 


4,300 




880 
12 
16 


15 

296 

1,160 


13,121 
3,654 

18,484 


5,314 

2,300 

15,286 


50 

20 

106 


3,700 

2,170 

12,204 


2 

5 


150 



395 




201-600 

501 and above 




• 

Broome.. 


1-200 


^ 


908 


40 


35,150 


22,000 


176 


18,074 


7 


545 




238 

13 

9 


29 

353 

1,626 


6,852 

4,604 

14,633 


3,376 

3,466 

13,750 


63 
23 
25 


2,794 
2,750 
4,235 


2 

6 
6 


49 
585 

9,500 




20Hi00..,, 1 

501 and above 




Columbia 


1-200 




260 


100 


26,060 


20,582 


101 


9,788 


14 


10,134 




122 

9 

10 


29 

373 

1,851 


3,680 

3,363 

18,514 


2,707 

2,033 

17,320 


2r 

16 
29 


1,342 

1,773 

13,315 



2 






400 






201*500..-.. 


• 


601 and above 




Delaware. 


1-200 




141 


180 


25,466 


22,960 


69 


16,430 


2 


400 




163 
1 


31 
415 


5,141 
415 


4,432 
415 


115 
7 


3,648 
400 










New York 


201-^00..... 

1-200 




Hutc^^m 


164 

? 


34 5,656 


4,847 


122 4,048 










219 
14 
13 


28 

276 

1,450 


6,124 

3,876 

18,067 


3,136 

2,204 

10,016 


57 
26 
76 


2,067 
1,640 
4,728 


3 
3 

8 


275 

119 

2,545 




201-500 




501 and above 




Fulton 


1-200 




246 


118 


28,957 


15,^56 


159 8,436 


14 


2,939 




310 
15 

1 


27 
316 
673 


8,424 

4,743 

573 


4,919 

2,723 

210 


64 
21 

1 


4,082 

2,418 

150 


1 




126 






201-500 




501 and above 






Greene 


1-200 




326 


42 


13,740 


7,853 


86 


6,645 


1 


125 




104 
3 
2 


19 

242 

8,125 


1,949 

725 

16,250 


1,216 

625 

16,250 


28 
8 
4 


923 

625 

4,000 


1 

3 


25 



6,260 




201-600 


• 


501 and above. 




Herkimer 


1-200 




109 


173 


18,024 


18,001 


40 


«,548 


4 


6,275 




165 
20 
15 


34 

330 

1,2M 


6,255 

6,607 

18,606 


3,877 
4,038 
8,420 


46 
25 
31 


2,691 
3,385 
4,700 














201-500 




501 and above 










190 


160 


30,468 


16,335 


102 


10,726 
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by courUies and tize -of plafU--'Con.tmned, 







Power-supply equipment— Continued. 


• 


Electric motors. 




Prime moveni— Continued. 


V 

Operated by purchased energy. 


' • ToUl. 


Run by current 

generated in 

establishment. 


Number 
of estab- 
lishments 
reporting 
no power. 


Internal-combus- 
tion engines. 


Water wheels. 


Total 
horsfr' 
power. 


Eleetrlc motors. 


Other 
(horse- 
power). 


Num- 
ber. 


Horse- 
power. 


Num* 
ber. 


Horse- 
power. 


Number. 


* 

Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




la 


IS 


14 


15 


16 


17 


18 


10 


90 


21 


»» 


83 


. 24 


48 
7 


678 

70 

226 


34 

17 
16 


1,163 

1,528 

023 


2,384 

746 

2; 240 


801 

60 

373 


2,884 

746 

2,240 







434 
117 

784 


2,681 
1,342 
8,506 


48 

57 

411 


297 

506 

1,266 










60 


974 

823 
299 

) 2;720 


67. 


8,609 


6,870 


884 


5^870 





1,335 


7,529 


511 


:^150 


82 


74 

6 

12 


. 82 

t 20 

35 


878 
1.246 
4,872 


16,531 
10^746 
55^288 


3,627 
1,206 
3,011 


16,310 
10^746 
65,288 


212 




3,756 
1,024 
7,348 


17,153 

17,516 

103^805 


129 

716 

4»337 


834 

6,770 
47,517 










02 


' 3,842 


87 


6»996 


82^565 


7,846 


82,353 


212 


13,028 


137,474 


5,182 


55^121 


856 


18 
5 
6 


163 

135 

i 1,645 


13 
15 
61 


1,868 

1,387 

13,045 


3,010 
3,718 
8^950 


445 
481 
850 


3,000 
3,718 
8; 060 


10 




577 

570 

1,646 


3,843 

4,262 

20,843 


132 

89 

787 


843 

644 

11,803 










29 


1,943 


80 


16^245 


15^678 


1,785 


15,668 


10 


2,793 


28; 948 


1,008 


13,280 


66 


20 




196 




4 
20 
21 


611 
1,514 
S^075 


343 

1,016 

721 


66 

142 
68 


343 

1,016 

721 







70 
206 
594 


360 
1,918 


4 

64 
626 


26 

902 

8,750 










20 


196 


46 


4^200 


2; 080 


276 


2,060 





870 


6^758 


594 


4,678 


18 


31 
3 



410 

276 




32 

9 

72 


1,267 

807 

15^139 


833 

260 

3,822 


216 
242 
384 


828 

160 

3,822 


5 




222 
289 
806 


874 

876 

8^907 


6 

47 

421 


46 

616 

6,085 










34 


686 


113 


17,213 


4»915 


842 


4,910 


5 


1,316 


10^657 


474 


5^747 


22 


22 





164 




7 

2 


378 



295 


8,016 

5,501 

28,085 


1,333 
476 
015 


8,014 

5,501 

28,036 


1 




1,429 

635 

1,490 


8,620 

6,835 

40,788 


96 
159 
575 


606 

1,334 

12,753 










22 


164 





673 


41,561 


2,724 


41,550 


1 


3,554 


66,243 


830 


14,603 


138 


105 

1 
26 


1,464 

35 

2,687 



2 







7,807 
1,254 
3,108 


2,550 
155 
644 


7,717 
1,254 
8,108 


00 




2,675 
261 

978 


10,836 
2,067 
9,323 


125 
106 
434 


3,119 

813 

6,125 










132 


4,186 


2 


05 


12,250 


3,240 


12,160' 


90 


3,914 


22,226 


665 


10,067 


471 


27 
2 
1 


289 

7 

16 


10 
3 



244 

108 




3,476 

1,148 

883 


740 
63 
38 


8,476 

1,148 

888 







788 

270 

2,638 


3,729 

2,161 

18,332 


89 
217 

2,600 


253 

1,013 
17,419 










30 


311 


13 


340 


5,507 


840 


5,507 





8,606 


24,222 


2,856 


18,715 


68 


17 

1 
1 


109 

6 

' 50 


'40 

9 

15 


1,256 

755 

3,055 


882 

430 

1,104 


155 
13 
&5 


882 

430 

1,104 







163 

39 

194 


995 

932 

4,364 


8 

26 

109 


113 

502 

3,170 










10 


164 


64 


5,066< 


2,506 


253 


2,506 





896 


6,291 


143 


3,785 


40 


41 
2 


311 
15 


38 



473 



700 



166 



'^ 






240 



1,140 



74 



431 









43 


826 


28 


473 


700 


166 


700 





240 


1,140 


74 


431 


34 


33 



16 


385 


105 


14 
2 



400 

445 

2,648 


2,068 
1,672 
8,041 


663 
184 
836 


2,086 
1,672 
8,041 


52 




689 

278 

1,067 


3,229 

2,647 

14,392 


26 

94 

751 


293 

975 

5,451 










49 


580 


25 


3,402 


13,601 


1,183 


13,640 


52 


2,054 


20,268 


871 


6,719 


61 


6 




40 




25 
3 
2 


672 

310 

60 


3,506 

2,020 

863 


740 

120 

16 


3,440 

2,020 

863 


65 




741 

196 

29 


3,450 

2,702 

556 


1 
67 
13 


10 
682 
193 










5 


40 


30 


1,042 


5,888 


885 


5,823 


65 


966 


6,708 


81 


885 


67 


15 

8 


60 



6,000 


11 




208 




733 

100 




104 
2 



733 

100 









104 

7 

177 


733 

400 

8,944 



5 

in 



300 

8,944 










23 


6,060 


11 


208 


833 


106 


833 





288 


10,077 


182 


9,244 


27 


8 
7 

4 


73 
98 
15 


32 

4 

21 


1,113 

605 

3,705 


1,378 

2,560 

10,186 


252 
105 

578 


1,378 

2 509 

10,186 







284 

369 
860 


1,718 

8,801 

14, 176 


32 
164 
282 


340 
1,232 
3,990 










19 


186 


57 


5,429 


14,133 


1,025 


14,133 





1,503 


19,695 


478 


5,562 


33 
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Table 47. — Mechanical power-tupply equipment^ 





County. 


Size of plant 
(horsepower). 


Establishments 

reporting 

power. 


Power-supply equipment. 




Anregate 
horse- 
power. 


Prime movers. 


State. 


Niim^ 
ber. 


Aver- 
ap 
sue 
(horse- 
power). 


Total 
horse- 
power. 


Stem engines. 


Steam turbines. 




Num- 
ber. 


Horse- 
power. 


Nump 
ber. 


Horse- 
power. 


1 


9 


3 


4 


5 


6 


7 


8 


9 


10 


11 




/KilUB 


1-200 


5,003 
93 
80 


17 

314 

2,129 


86,440 

29,138 

170,333 


26,480 

14,901 

105, 141 


331 
106 
591 


21,467 
14,251 
80,755 


9 

2 

65 


264 

130 

33,455 




201-500 




501 and above 




liiuntgomery 


1-200 




5,176 


55 


284,920 


146,522 


1,028 


116^473 


76 


28,840 




167 

7 

13 


28 

544 

1,470 


4,712 

2,406 

19,229 


1,786 
1.275 
7,722 


30 

6 

23 


1,193 
1,275 
4,357 


2 

2 


100 



2,700 




201-600 




501 and above 




f^AiWWl. .... 


ri-200 




187 


140 


26,347 


10,783 


50 


6,825 


4 


2,800 




242 
2 
5 


14 
263 
744 


3,411 

525 

3,720 


1,742 

300 

2,960 


29 
1 
7 


1,410 

800 

1,685 




7 






1,175 




201-500 




501 and above 




New York 


1 

a-200 




249 


31 


7,656 


5,002 


87 


8,395 


7 


1,175 




17,562 
90 
79 


8 

328 

1,215 


140,758 
82,518 
95,817 


29,126 
15,721 
66,288 


280 
119 
403 


23,310 
15,504 
68,085 


4 

1 

16 


245 

50 

2,398 




201-500 




501 and above 




Oneida 


> 

1-200 




17,740 


15 


269,093 


111,135 


802 


101,849 


20 


2,603 




470 
26 
29 


31 
323 
165 


14,804 

8,456 

47,947 


7,783 

4,881 

32,244 


164 
36 
61 


5,064 

3,838 

19,719 


9 

1 

23 


181 

566 

11,063 




201-500 




501 and above 




Orange. ... 


1-200 




584 


134 


71,207 


44,906 


261 


28,621 


33 


11,810 




269 
20 

16 


27 

287 

1,055 


7,163 

5,733 

16,887 


4,072 

4,564 

10,837 


70 
30 
43 


3,334 
3,679 
7,480 


2 


4 


123 



2,060 




201-500 




501 and above 




Otsego i 


1-200 




305 


98 


29,783 


19,473 


143 


14,493 


6 


2,183 




120 

1 
1 


33 

500 

1,750 


3,956 

500 

1,750 


3,070 

500 

1,750 


65 


7 


1,051 



1,750 














201-500 




501 and above 




1 

1-200 


Mew York 


122 


51 


6,206 


5,320 


72 


3,701 








(Coatinaed.) 




20 


24 


484 


435 


11 


361 










1-200 




Qu<¥!inSx . ' 


20 


U 


484 


435 


11 


361 










846 
42 
35 


26 

288 

1,700 


21,646 
12,140 
50,482 


7,393 

6,665 

49,560 


111 

46 

314 


5,254 

6,166 

31,738 


2 

1 

33 


144 

400 

17,822 




201-500 




501 and above 




Rentaelaer 


a-200 




928 


101 


93, 2n 


63,618 


471 


43,157 


36 


18,366 


\K- , 


241 
16 
18 


32 

803 

1,200 


7,789 

4,854 

21,715 


4,877. 
3,234 
15,850 


70 
37 
61 


3,616 

2,780 

10,104 


8 

1 
9 


105 

10 

4,170 


I 


201-500 




501 and above. 




• 

Richmond :.i..... 

1. 

Bockland 


1 

ri-200. 




275 


125 


34,358 


23,961 


168 


16,500 


13 


4,285 




160 
10 
18 


16 

334 

1,776 


2,531 

3,343 

82,097 


1,446 

1,979 

20,775 


32 

20 
89 


1,241 

1,579 

19,246 



4 

7 



400 
979 




201-500 




501 and above 




■ » • 

1-200.... 

201-500 




188 


201 


37,971 


24,200 


141 


22,066 


11 


1,379 




119 
7 
8 


30 

400 

2,327 


3,532 

2,799 

18,618 


2,702 

2,565 

16,967 


34 

11 

129 


2,410 

J2,116 

12,599 



2 
8 




450 

4,368 




501 and above. . > 




Saratoga 


n-aoo 




134 


187 


24,949 


22,234 


174 


17,124 


10 


4,818 




116 
11 
17 


35 

287 

4,050 


4,048 

8,167 

84,805 


2,357 

2,300 

84,167 


25 
12 
76 


1,284 

990 

14,495 


2 


7 


65 



13,660 




201-500 




501 and above 




, Rr.h^«ctady ...... .. ^ 


•1 

fi-aoo 




144 


638 


92,020 


88,824 


113 


16,769 


9 


13,715 




113 
3 
2 


19 

318 

55,800 


2,133 

953 

111,600 


433 

163 

56,100 


7 

5 

15 


302 

75 

11,100 


1 
3 
7 


5 

88 
45,000 




201-500 




501 and above 






p 




118 


965 

^- . . - 


114,686 


56,696 


27 


11,477 

■ 


11 


45,003 
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by countieM cmd 9ue of plant — Continued. 



Power-supply equipment— Continued. 


Electric motors. 




Prime movers— <?ontlnued. 


I 

Operated by purchased energy. 


TotaL 


Run by current 

generated in 

establishment. 


Number 
of estab- 
lishments 
reporting 
no power. 


Internal-combus- 
tion engines. 


Water wheels. 


Total 
horse- 
power. 


Electric motors. 


Other 
(horse- 
power). 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Number. 


Hone- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




19 


13 


14 


15 


16 


17 


18 


19 


»0 


21 


22 


23 


24 


329 
4 

11 


4,744 
520 
931 


1 




5 




68,960 
14,237 
65,192 


15,079 
1,684 
8,760 


57,892 
14,229 
64,942 


1,577 

8 

250 


15,567 
2,216 
8,257 


60,749 

19,896 

115,224 


488 
532 

4,488 


8,357 

6,667 

60,282 










344 


6,195 


1 


5 


138,398 


30,532 


136,563 


1,835 


26,040 


195,869 


5,508 


69,306 


1,589 


6 




78 




8 

6 


415 



665 


2,926 

1,131 

11,507 


567 

30 

989 


3,926 

1,131 

11,507 







669 

36 

1,383 


2,941 

1,199 

14,923 


3 

6 
394 


15 

68 

3,416 










6 


78 


13 


1,080 


15,564 


1,586 


15,564 





1,988 


19,063 


403 


8,499 


34 


42 


1 


332 


100 







1 1,669 
225 


455 

21 
155 


1,669 
225 
760 







465 

21 

480 


1,669 

225 

1,660 






335 






800 









760 






43 


432 





^ 


2,654 


. 631 


2,654 





956 


3,464 


325 


800 


71 


406 
8 
5 


5,561 
167 
855 


10 




10 




111,632 
16,797 
29,529 


66,404 
2,822 
2,974 


106,026 
16,432 
27,579 


3,606 

365 

1,950 


67,006 
3,236 
6,013 


113,856 
19,676 
68,499 


601 

414 

3,939 


5,829 

3,244 

25,930 








t 




421 


6,583 


10 


10 


157,958 


72,200 


152,037 


6.921 


77,164 


187,030 


4,954 


34,903 


5,279 


60 

3 


674 


56 

5 

14 


1,864 

477 

1,390 


7,021 

3,675 

15,703 


1,132 
400 
816 


7,021 

3,575 

15,703 







1,334 

668 

1,673 


7,753 

6,060 

27,600 


102 
159 
866 


733 

1,485 

11,996 










53 


746 


76 


3,731 


26,299 


3,357 


26,299 





3,474 


40,512 


1,117 


14,313 


170 


33 
5 



226 

265 




9 

7 
10 


389 

630 

1,297 


3,001 
1,169 
6,050 


603 
436 
345 


3,091 
1 169 
6,050 







708 
497 
691 


4,222 

1,996 

10,287 


105 

61 

446 


1,131 

827 

4,237 










28 


491 


36 


2,306 


10,310 


1,284 


10,310 





1,896 


16,505 


612 


6,195 


62 


23 381 


33 

4 



738 

500 




886 




164 












369 
89 
37 


1,277 
500 
505 


115 
39 
37 


391 
600 
505 


















22 


381 


37 


1,238 


886 


154 


886 





345 


2,372 


191 


1,486 


25 


1 11 1 74 








49 


16 


40 


19 


88 1 4 


39 








11 j 74 








49 


15 


49 





19 


88 


4 


39 


4 


114 1,996 





1 




14.253 


2,962 
493 
726 


14.040 
^484 
9,922 


213 




3,063 

877 

2,781 


14.972 

8,262 

27,128 


101 

384 

2,055 


933 

2,778 

17,306 




100 



5,484 
9,922 


. 


1 




w 1 ^ 




114 1 1,996 


1 


100 


29,669 


4,181 


29,446 213 


6,731 


60,362 


2,540 30,916 


326 


30 1 376 



30 
8 
9 


780 
444 

1,566 


2,912 
1,620 
5,865 


471 
121 
289 


2,799 
1,620 
5,865 


113 




706 

304 

1,034 


3,689 

3,099 

11,163 


285 
183 
746 


740 
1,479 
5.287 






3 


10 






.*# , 


"* 


33 


386 


37 


2,790 


.10^397 


881 


10,284 113 


3,041 


17,790 


1,163 7,506 i 


82 


19 

3 


303 



560 


1 




I 


1.085 
1.364 


273 

52 

390 


986 

1,364 

11,322 


100 L 306 
or 115 
Or 1,021 


1,239 

2,082 

18,980 


83 

63 

631 


344 
668 




11,322 


7,667 


•■....••.... 




23 


753 


1 


3 ! 13,771 


715 


13,671 


100 


1,443 


22,360 


787 8,679 


68 


5 




60 




6 




232 1 830 
! 234 
1,651 


220 

9 

97 


730 

234 

1.651 


100 




343 

43 

257 


970 
444 

7,531 


22 

83 
160 


240 




210 
5,880 










5 


60 1 6 


232 


2,715 


326 


2,615 


100 


641 


8,946 


215 6,330 


21 


13 




168 




36 
15 
70 


840 

1,310 

56,022 


1,691 
867 
638 


231 
56 
26 


1,691 
867 
638 







. 231 

90 
1,519 


1,691 

1,167 

14,926 




34 

1,493 




300 

14,288 










13 


168 


111 


58,172 


3,196 


313 


3,196 





1,840 


17,784 


1,527 


14,588 


29 


5 




86 




1 




40 




1,700 

790 

55,500 


341 

250 
7,680 


1,700 

790 

55,500 







341 

250 

15,530 


1,700 

790 

114,500 






7,850 






59,000 










5 


86 


1 


40 


57,090 


8,271 


67,990 





16, 121 


116,990 


7,850 


59,000 


41 
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Tablb 47. — JfecAonimZ power-mipply egtdpment^ 





Gocmty. 


Sise of plant 
(horsepower). 


Establishments 

reporting 

power. 


Power-sapply equipment. 




Aggregate 
horse- 
power. 


• 


Prime movers. 




Bute. 


Num- 
ber. 


Aver- 

uxe 
(horse- 
power). 


Total 
horse- 
power. 


Steam engines. 


Steam turbines. 




Nnm- 
ber. 


Horse- 
power. 


Nmn- 
ber. 


Horse- 
power. 


1 


2 


3 


4 


5 


6 ' 


7 


8 


9 


10 


11 




/flphoharie 


ri-200 


50 
1 
3 


23 

361 

1,611 


1,171 

861 

4,833 


868 



8,688 


24 


8 


580 



1,633 


1 



1 


10 



2,000 




201-500 




501 and above 




Suffolk 


1 

fl-200.1 




54 


117 


6,365 


4,496 


32 


2,213 


2 


2,010 




134 
5 
1 


19 
351 
150 


2,542 
1,755 
1,500 


1,903 
1,755 
1,500 


34 
15 
14 


1,462 
1,755 
1,500 














201-500 


• 


501 and above 




* 

Sullivan 


1-200 




140 


41 


5,797 


5,158 


63 


4,717 










129 

1 


23 

480 


2,968 
480 


2,754 
480 


73 

4 


2,107 
365 












201-500 




1-200 




Ulster *. 


130 


27 


8,468 


3,234 


77 


2,472 










225 

9 

10 


33 

277 

1,140 


7,492 

2,496 

11,402 


5,064 
2,056 
7,288 


86 
18 
16 


3,627 
2,051 
4,670 


6 

1 


843 



50 




201-500 


New York 

f(\evtttnnM\ ^ 


501 and above 


\\y\JIUI>UIUOU« / 


Warren 


1 

fl-200 


244 


87 


21,380 


14,408 


120 


10,348 


7 


398 




93 
5 
6 


40 

331 

4,408 


3,754 

1,655 

26,449 


2,133 

1,025 

22,022 


18 

4 

17 


1,036 
1,025 
2,668 














201-500 




501 and above 




WarJiington 


fl-200 


104 


305 


31,858 


25,180 


89 


4,729 










82 

10 
15 


42 

285 

8,222 


3,397 

2,854 

48,326 


2,107 

1,609 

43,568 


29 

10 
• 61 


1,091 
1,065 
10,101 




1 






760 




201-500 




501 and above 




Westchester. 


1-200 


107 


510 


54,577 


47,284 


100 


12,267 


1 


750 




506 
23 
20 


15 

240 

2,288 


9,103 

7^811 

44,656 


3,856 

8,510 

34,875 


71 

32 

160 


3,898 

8,350 

26,096 


2 

1 
32 


60 

100 

9,742 




201-500 




501 and above 




rAtlantlc 


1-200 


680 


97 


61,570 


42,241 


263 


31,839 


35 


9,902 




220 
2 

1 


18 

415 

1,000 


3,867 

830 

1,000 


2,403 

830 

1,000 


44 

9 



2,052 

830 




2 



1 


21 



1,000 




aoi-5Qo 




501 and above 




Bergen, 


1 

1-200 


223 


26 


5,697 


4,233 


53 


2,882 


3 


1,021 

100 

50 

17,104 




380 
17 
29 


23 

353 

1,820 


8,655 

6,023 

52,636 


5,305 

3,235 

49,244 


109 

33 

197 


4,373 

3,183 

30,461 


1 

2 

26 




201^500 




501 and above 




Burlington 


1-200 


426 


158 


67,314 


57,784 


839 


88,017 


29 


17,254 

205 

70 

090 




158 

4 

11 


31 

384 

2,470 


4,857 

i;637 

27,216 


4,168 

1,262 

23,215 


81 
11 
56 


3,286 

1,192 

21,535 


4 
2 
5 




201-500 


• 


501 and above 




Camden 


'• 

1-200 


173 


194 


83,610 


28,645 


148 


26,013 

4,945 

4,075 

17,922 


11 

10 



27 


905 

575 



32,580 




318 
21 
26 


33 

290 

2,290 


10,211 

6,090 

59,638 


6,479 

4,430 

51,420 


79 

43 

147 




201-500 


Nsw Jersey 


501 and above 




Cape May 


ri-200 


360 


210 


75,939 


62,329 


269 


26,942 


37 


^88,165 




78 

1 


22 
250 


1,720 
250 


1,353 
250 


35 

1 


914 
250 


4 




135 





201-500 




1-200 




Cumberland-, 


79 


25 


1,970 


1,603 


36 


1,164 


4 


135 




210 
6 
3 


26 
202 

1,857 


5,532 
1,752 
5,512 


3,433 

613 

5,510 


67 

2 

22 


2,934 

135 

2,760 


2 
6 
2 


46 

478 

2,350 




201-500 




501 and above 




^Emex 


(1-200 


219 


58 


12,796 


9,566 


91 


5,829 


10 


2,874 




2,075 

108 

57 


26 

337 

1,540 


52,862 
36,567 
87,613 


23,913 
24,791 
55,560 


294 
190 
276 


19,779 
22,662 
49,213 


2 

3 

19 


150 

508 

4,884 




201-500 




501 and above 






r 




2,240 

1 


79 


177,042 


104,264 


760 


91,654 


25 


5,542 

1 ■ 1 
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by'courUiea and tixe of plant — Continued. 



Power-sapply equipment— Cantlnaed. 




Electric motora. 

« 






• 


Operated by jNiirchased energy. 


TotaL 


Run by current 
generated In 
establishment. 


Number 
of estab- 
lishments 
reporting 
no power. 


Intemal-oombus- 
tion eoisines. 


Water wheels. 


Total 
hone- 
power. 


Electrlo motas. 


Other 
(horse- 
power). 


Nnm- 
ber. 


Hone- 
power. 


Num- 
ber. 


Horse- 
power. 


Nmnber. 


Horse* 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




la 


18 


14 


15 


16 


17 


18 


19 


90 


91 


8S 


88 


84 


7 




.92 




12 




181 




306 

861 

1,200 


47 
60 
12 


806 

361 

1,200 







48 
60 
67 


812 

361 

4,137 


1 



55 


4 



2,987 










7 


92 


12 


181 


1,869 


119 


1,860 





175 

188 

64 




4,810 


56 


2,941 


16 


44 aoi 


2 





50 




639 




174 




639 









775 

620 




14 

64 




136 

620 




















44 


891 


2 


50 


689 


174 


639 








252 


1,395 


78 


756 


79 


28 



325 
' 


16 
2 


322 
115 


234 



46 




234 



47 



239 



1 



5 









28 


326 


18 


437 


234 


46 


234 





47 


239 


1 


5 


22 


14 

1 
6 


86 

5 

130 


25 



15 


1,008 



2,438 


2,428 

440 

4,114 


353 
19 
61 


2,413 

440 

4,114 


16 




401 

81 

289 


2,806 

797 

7,755 


46 

62 

228 


883 

357 

8,641 










21 


221 


40 


3,446 


6,962 


433 


6,967 


15 


771 


11,358 


338 


4,391 


54 


11 


1 


150 

4 


24 


18 


941 



19,350 


1,621 

630 

4,427 


224 

6 
86 


1,621 

630 

4,427 







224 

27 

176 


1,621 
1,062 
5,995 



21 
90 




432 

1,568 


"' 








12 


160 


42 


20,291 


6,678 


316 


6,678 





427 


8,678 


HI 


2,000 


21 


6 

1 
1 


59 

225 

90 


21 

4 
77 


967 

319 

32,697 


1,290 
1,245 
4,758 


280 

26 

225 


1,290 
1,246 
4,758 







809 
66 

598 


1,470 

1,574 

11,480 


29 

40 

368 


180 

329 

6,672 










8 


804 


102 


83,973 


7,298 


581 


7,293 





966 


. 14,474 


437 


7,181 


12 


82 

1 
7 


349 
60 
87 


3 




54 




5,247 
4,301 
9,781 


1,596 
358 
805 


6,198 
4,301 
9,781 


64 





1,652 
1,227 
2,268 


5,682 

5,915 

24,758 


56 

869 

1,468 


439 

1,614 

14,972 










40 

28 





446 


3 


64 






19,829 

1,464 




2,769 


19,276 


64 


6,142 


86,800 


2,888 


17»086 


207 


380 









466 




1,459 




6 




644 

7 
221 


1,791 

64 

1,167 


78 

7 

221 


382 

54 

1,157 










28 


830 








1,464 


466 


1,459 


5 


772 


8,002 


806 


1,543 


44 


83 

1 
7 


709 

2 

1,679 


4 





128 




8,350 
2,788 
8,392 


969 
20O 
188 


8,350 
8,898 


' 8 




1,254 

818 

8,477 


4,260 

4,816 

38,963 


265 

113 

8,289 


910 

1,526 

35,591 










71 

51 

2 


2,890 


4 


123 


9,530 


i,8n 


9,580 





5,044 


47,559 


8,667 


38,029 


64 


487 



740 


7 


1 


190 



260 


689 

275 

4,001 


174 

8 

178 


689 

375 

4,001 







244 

14 

029 


961 

448 

14,698 


70 

6 

751 


202 

166 

10,602 










68 


1,227 


8 


440 


4,965 


860 


4,965 





1,187 


16,117 


887 

119 

160 

2,796 


11,152 


81 


66 

4 
8 


894 
265 

889 


10 

1 
1 


66 

100 

29 


8,732 
1,660 
8,218 


845 
139 
711 


3,668 
1,660 
7,869 


49 



849 


964 

299 

3,609 


4,196 

8,425 

66,188 


515 

1,705 

48,814 










78 


2,038 


12 


194 


13,610 


1,695 


13,212 


896 


4,772 


63,806 


3,077 


50,594 


80 


26 



804 











867 



86 



367 







94 
2 


436 
15 


8 
2 


69 
15 








26 


804 








867 


86 


367 





96 


451 


10 


84 


13. 


89 




306 




8 

2 


148 



400 


2,099 

1,139 

2 


486 

84 




2,029 

1,139 




70 

2 


549 
263 
210 


2,337 
2,190 
3,059 


63 
100 
810 


306 
1,051 
8,959 










39 


805 


10 


548 


3,240 


570 


3,168 


72 


1,112 


8,486 


542 


5,318 


38 


210 

47 
14 


3,801 
1,505 
1,413 


3 
2 

1 


183 

116 

50 


28,949 
11, 776 
32,053 


5,550 
1,665 
3,678 


27,407 
11,778 
32,053 


1,542 




6,235 
2,666 
7,362 


31,317 
20,102 
65,013 


685 
1,001 
3,684 


3,910 

8,326 

32,960 










271 


6,719 


6 


349 


72,778 


10,893 


71,236 


1,542 


16,283 


116,432 


5,370 


45,196 


447 
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Table 47. — Mechanical power-supply equipment^ 





County. 


Size of plant 
(horsepower). 


Establishments 

reporting 

power. 

i 


Power^upply equipment. 




Aggregate 
horse- 
power. 


Prime movers. 

• 


state. 


Num- 
ber. 


Aver- 

size 
(horse- 
power). 


Total 
horse- 
power. 


Steam engines. 


Steam turbines. 




Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


2 


3 


4 


S 


6 


7 


8 





10 


11 




fOloucester * 


1-200 


98 

5 

4 


22 

360 

1,449 


2,166 
1,800 
5,795 


1,582 
1,569 
5,196 


29 

14 

9 


1,048 

945 

1,660 


1 

6 

14 


4 

624 

2,297 


- 


201-^600 




501 and above 




Hudson ' 


1 

1-200 




107 


91 


9,761 


8,346 


52 


3,653 


21 


2,925 




1,731 
81 
79 


19 

334 

2,200 


33,285 

27,135 

173,345 


15,774 

16,446 

119,763 


254 
134 
576 


12,713 
14,762 
78,894 


5 

7 

62 


355 

1,100 

34,118 




201-500 




501 and above 




Hunttrdon. . . 


1 




1,891 


123 


233,765 


151,983 


964 


106,369 


74 


35,573 




1-200 1 

201-500 ! 


128 
6 


33 

309 

1,765 


4,285 

1,855 

10,593 


3,968 
1,855 
8,095 


46 
13 
23 


1,861 
1,600 
3,836 


3 


3 


107 



2,300 




501 and above 


6 




hS ^^oef .■•....... 


1 

1-200 




140 


120 


16,733 


13,918 


82 


7,297 


6 


2,407 




28 
27 


30 

350 

2,120 


10,513 
57,277 


6,144 

7,946 

45,712 


95 

64 

132 


5,228 

6,788 

30,483 




3 

17 



733 

13,043 




201-500 




501 and above 




Middlesex 








1-2D0 


403 


191 


77,626 


59,802 


291 


42,499 20 


13,776 




350 
30 
45 


26 

344 

2,600 


9,450 

10,332 

117,730 


4,932 

6,733 

101,761 


80 
104 
231 


4,015 

6,230 

69,883 


3 

1 

46 


155 

225 

29,686 




201-^500 




501 and above 




Monmmith... 


fl-200 




434 


316 


137,512 


113,426 


415 


80,138 


SO 


30,006 




330 
8 
4 


16 
339 
871 


5,430 
2,712 
3,484 


2,727 
1,856 
1,868 


51 
90 
15 


1,960 

1,655 

523 


1 
3 
4 


15 

186 

1,345 




201-500 




501 and above 




MoRls 


fl-200 




342 


34 


11,626 


6,451 


96 


4,138 


8 


1,546 




173 
12 
15 


24 
1,436 
1,080 


4,078 
17,228 
16,108 


2,885 
16,443 
11,175 


44 

59 
40 


2,160 

15,952 

9,039 


1 
4 
5 


12 

121 

1,836 




201-500 




501 and above 




Ocean..... 


1-200 


New Jersey . 


200 


188 


37,502 


30,503 


143 


27,151 


10 


1,960 


(Gontmued.) 


72 
2 


13 
352 


965 
705 


806 
705 


13 
12 


349 
600 


3 
1 


47 
105 




201-^500 




Pamaio. . . 


1-200 




74 


23 


1,670 


1,511 


25 


949 


4 


152 




1,137 
65 
26 


23 

633 

1,620 


26,544 
41,200 
42,379 


11,443 
38,128 
24,902 


179 
611 
125 


9,626 
29,929 
19,851 


20 
19 
15 


560 
7,923 
3,890 




201-500 




501 and above 




Salem. 

Somerset 


1-200 




1,328 


83 


110,123 


74,473 


915 


59,406 


54 


12,373 




86 
2 
2 


28 

380 

6,168 


2,418 

761 

12,336 


1,768 

320 

12,336 


45 

4 

37 


1,209 

320 

2,361 


2 



18 


32 



0,975 




201-500 




. 601 and above 




1-200 




90 


172 


15,515 


14,424 


86 


3,890 


20 


10,007 




88 
7 
7 


70 

350 

1,564 


616 

2,452 

10,945 


1,573 

1,209 

10,940 


22 
10 
14 


971 
1,209 
3,840 




5 






7,100 




201-500 




501 and above 




Sussex 


1 

1-200 




102 


157 


16,013 


13,722 


46 


6,020 


5 


7,100 




79 

1 
3 


31 
250 
944 


2,480 

250 

2,833 


2,312 

250 

2,833 


43 

1 
15 


1,576 

150 

2,250 


2 

1 


183 



450 




201-500 




. 601 and above 




Union 


1-200 




83 


67 


5,572 


5,395 


59 


3,976 


3 


633 




365 
32 


23 
312 


8,376 
10,034 
53,881 


4,061 

5,962 

45,808 


89 

54 

196 


3,018 

5,380 

19,489 


1 

1 

51 


2 

250 

21,751 




201-500 


• 


< 501 and above 


21 ; 2,560 




.Warren 


1-200 




418 173 


72,291 


55,921 


339 


27,887 


53 


22,003 




145 34 

9 308 

14 1,860 


4,8,'W 

2,773 

26,013 


3,246 

1,870 

25,405 


49 
12 
86 


1,758 

1,225 

19,395 


2 



10 


95 



5,625 




201-500 




501 and above 












168 1 200 


33,639 


30,521 


147 


22,373 


12 


5,720 
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by caufUiei and tize of plant — Continued. 



\ 



Power^supply equipment—Continued. 


Electric motors. 




Prime moven-~Contlnued. 


Operated by purchased energy. 


Total. 


Run by current 

generated in 

establishment. 


Number 
of estab- 
lishments 
reporting 
no power. 


Internal-combus- 
tion engines. 


Water wheels. 


Total 
horse- 
power. 


Electric motors. 


Other 
(horse- 
power). 


Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


32 

5 


354 



1,206 


7 

2 


176 



30 


584 
231 

eoo 


104 

2 


584 
231 
600 







150 
363 
342 


780 
1,707 
5,322 


46 
854 
340 


106 
1,476 
4,722 










37 


1,562 


9 


206 


1,415 


115 


1,415 





855 


7,800 


740 


6,304 


26 


156 
11 
30 


2,571 

584 

6,751 


2 




135 




17,511 
10,680 
53,582 


5,466 
1,072 
4,430 


17,252 
10,688 
53,582 


250 




5,847 
2,285 
0,736 


20,062 

18,021 

114,171 


381 
1,213 
5,306 


2,810 

7,332 

00,580 










197 


9,906 


2 


135 


81,782 


10,068 


81,523 


250 


17,868 


152,254 


6,000 


70,731 


403 


45 


4 


638 



12 


43 
4 
6 


1,362 

255 

1,047 


317 



2,406 


02 



110 


317 



2,406 







100 

20 

410 


302 

140 

6,282 


8 

20 

309 


75 

140 

3,784 










40 


650 


53 


3,564 


2,815 


202 


2,815 





530 


6,814 


337 


3,000 


12 


30 
2 



450 

50 

2,111 


21 
5 

1 


466 

375 

75 


4,360 

1,800 

11,565 


080 
160 
810 


4,367 

1,620 

11,565 


2 

270 




1,156 

545 

1,068 


5,262 

4,093 

20,067 


166 

385 

1,158 


885 

2,473 

17,502 










38 


2,611 


27 


016 


17,824 


1,0S0 


17,552 


272 


3,668 


38,422 


1,709 


20,870 


108 


37 

6 

18 


572 

278 

2,160 


6 

2 


100 



22 


4,518 

3, 500 

15,060 


888 
207 
1,131. 


4,368 

3,340 

15,060 


150 

250 




006 

523 

4,201 


5,321 

5,294 

671247 


108 

226 

3,160 


053 

1,045 

51,278 










61 


3,010 


8 


222 


24,086 


2,316 


23,686 


400 


5,810 


77,862 


3,494 


54,176 


72 


46 

4 



485 

15 




8 




267 




2,703 

856 

1,616 


708 
77 
62 


2,670 

856 

1,616 


33 




714 
77 
72 


2,708 

856 

1,741 


6 



10 


38 



125 










50 


500 


8 


267 


5,175 


847 


5,142 


33 


863 


5,306 


16 


163 


54 


17 

2 


264 



15 


16 

4 
5 


449 
370 
285 


1,193 

783 

5,023 


281 
42 
70 


1,103 

783 

5,023 







385 
410 
523 


1,458 

4,206 

12,574 


104 
368 
444 


265 
3,423 
7,551 










19 


279 


25 


1,104 


6,000 


. 402 


6,000 





1,318 


18,238 


916 


11,230 


33 


33 



290 



4 



111 



150 



68 



158 








68 
2 


159 
6 



2 



6 








33 


299 


4 


111 


150 


68 


150 





70 


165 


2 


6 


10 


82 

5 

4 


1,041 
161 
8U 


12 
2 
4 


216 
115 
350 


15,101 

3,072 

17,477 


3,161 

378 

1,253 


12,400 

2,597 

17,477 


2,602 

475 




3,454 
1,223 
3,840 


14,840 

6,902 

48,467 


293 

845 
2,596 


2,431 

4,305 

30,000 










91 


2,013 


18 


681 


35,650 


4,792 


32,483 


3,167 


8,526 


70,200 


3,734 


37,726 


200 


23 





168 




13 




350 




660 

441 




103 

20 




650 

441 









108 

06 

434 


724 

831 

7,681 


5 

67 

434 


74 

300 

7,681 










23 


168 


13 


350 


1,001 


132 


1,001 





638 


0,236 


506 


8,145 


10 


20 




307 




9 




205 




1,043 

1,243 

5 


320 

70 

1 


1,043 

1,243 

5 







416 
100 
476 


1,253 
1,536 
6,043 


87 

30 

475 


210 

203 

6,038 










20 


307 


9 


295 


2,201 


400 


2,201 





1,001 


0,732 


592 


7,441 


20 


27 

7 

1 


306 
100 

8 


7 

2 


247 



125 


177 




157 




177 









105 

6 

38 


542 

60 
202 


38 

6 

38 


365 , 

60 1 

202 


35 


414 


9 


372 


177 


157 


177 





230 


884 


82 


717 


11 


55 
23 

18 


1,021 

332 

4,658 


1 




20 




4,315 
4,072 
7,083 


974 
505 
547 


4,315 
4,072 
7,083 







1,073 

714 

2,677 


4,061 

5,846 

39,787 


99 

209 

2,130 


646 

1,774 

31,804 


............ 






96 


6,011 


1 


20 


16,370 


2,026 


16,370 





4,464 


50,504 


2,438 


34,224 


60 


37 
7 
2 


1,398 

645 

' 385 












1,607 
003 
608 


322 
43 
13 


1,607 
003 
608 







531 
132 
046 


2,264 

2,131 

16, 116 


209 

80 

033 


657 

1,228 

15,508 








46 


2,428 








3,118 378 


3,118 





1,600 


1 20,511 


1,231 


17,303 


13 
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Table 47. — Mechanical potoer-tupply equipment^ 





County. 


Size of plant 
(horsepower). 


reporting 
power. 


Power«upply equipment. 




Asregate 
horse* 
power. 


Prime movers. 


State. 


Num- 
ber. 


Aver- 

(horse- 
power). 


Total 
horse* 
power. 


Steam engines. 


Steam turbines. 




Num- 
ber. 


Horse- 
power. 


Nam* 
ber. 


Horse- 
power. 


1 


» 


8 


4 


5 


6 


7 


8 


e 


10 


11 




^Berka 


1-200 


780 
30 
40 


29 

312 

1,549 


22,881 

9,357 

61,054 


11,836 

4,719 

47,897 


252 

48 

205 


9,488 

4,583 

45,442 


7 

2 

10 


168 

130 

1,790 




201--500 




501 and aboye 




Backs 


■ 

1-200 




850 


110 


94,192 


64,451 


605 


59,513 


19 


2,094 




350 
5 
8 


24 

278 
1,888 


8,486 

1,390 

15,107 


6,436 

1,387 

14,867 


124 
14 
26 


4,575 
1,312 
8,684 


4 
1 
5 


292 

75 

5,743 




201-500 




501 and above 




Oarbon 


fl-200 




372 


67 


24,983 


22,680 


164 


14,571 


10 


6,110 




94 

5 

14 


43 

336 

3,630 


4,034 

1,682 

50,686 


2,348 

1,285 

38,424 


35 

9 

102 


1,443 

785 

21,649 


1 

6 


8 



16,675 




201-500 




501 and above 




Chester 


1-200 




113 


496 


56,402 


42,067 


146 


23,877 


7 


16,688 




278 
20 
15 


36 

303 

6,670 


10,006 

6,053 

101,944 


6,490 

4,460 

80,258 


114 

33 

355 


5,067 

3,790 

66,816 


5 

4 

44 


81 

575 

16,062 




201-500 




• 501 and above 




Coiumhta 


1-200 




313 


3T7 


118,002 


100,206 


502 


74,673 


53 


10,738 




165 

9 
5 


30 
266 

3,545 


5,007 

2,387 

18,725 


3,781 

I 787 

11,030 


-60 
13 
68 


2,323 

1 257 

11,215 


2 

3 
1 


30 
305 
500 




201-^XX) 




501 and above 




l>Mipliin. , 


1-200 




179 


145 


26,119 


17,498 


141 


14,795 


6 


835 




356 
28 
18 


25 

302 

7,000 


9,060 

8,464 

125,845 


5,434 

4,406 

109,479 


157 

39 

310 


4,905 

3,615 

76,806 


2 
3 
5 


40 

170 

9,040 




201-500 




501 and above 




Delaware 


fi-aoo 




402 


355 


143,369 


119,318 


506 


85,326 


10 


9,250 




214 
24 
35 


37 

341 

3,840 


7,833 

8,215 

134,854 


5,809 

6,961 

39,934 


76 
44 

227 


4,935 

6,090 

23,876 




2 

26 




266 

15,343 




201-500 




501 and above 




Laokawaima 


1-200 


PamuylnaUa 


273 


550 


150,902 


52,764 


347 


34,901 


28 


15,600 


384 
42 

n 


37 

293 

2,820 


14,294 

12,291 

179,597 


3,752 

4,619 

163,966 


72 

64 

914 


3,611 

4,578 

140,746 


3 



14 


3o" 

33,220 




201-500 




501 and above 




^^nnutitiT 


1 

1-200 




503 


410 


206,182 


172,337 


1,050 


148,935 


17 


23,260 




670 
22 
15 


31 

314 

1,510 


20,991 

6,946 

22,707 


10,845 

2,137 

10,347 


156 
21 
68 


7,260 
2,137 
9,978 


8 

■ S 


161 



312 




201-500 




501 and above 




Lehftnotl.. .... ' 


1-200 




707 


72 


50,644 


23,329 


245 


19,375 


12 


473 




242 

11 

9 


34 

290 

5,665 


8,145 

3,194 

51,060 


4,377 

1,815 

49,275 


100 

25 

148 


3,521 

1,815 

36,000 





7 






9,675 




201-500 




501 and above 




T-ehiffh. . , 


fl-200 




262 


237 


62,308 


55,467 


273 


41,330 


7 


9,675 




480 
27 
26 


36 

300 

2,750 


15,329 

8,104 

71,140 


9,363 

4,395 

50,546 


161 

61 

184 


7,490 

3,796 

50,493 


1 
4 



20 

220 




• 


201-500 




501 and above 




Luzerne. 


1-200 




488 


195 


94,573 


64,304 


406 


61,779 


5 


240 




465 

36 

102 


30 

334 

3,060 


13,752 

12; 026 

311,996 


6,727 

6,015 

267,720 


143 

56 

1,708 


5,943 

6^015 

245^042 


1 



22 


110 



22^568 




201-500 




501 and above 




Monroe 


1-200 




603 


560 


337,773 


280^462 


1,907 


257,000 


23 


22^678 




78 
4 

1 


36 

232 

1,651 


2,792 

929 

1,651 


1,975 

390 

1,200 


34 
3 
3 1 


1,345 
210 
300 


1 




62 






201-500 




501 and above 




Montfomerv 


1-aoo 




83 


65 


5,372 


3,565 


40 


1,855 


1 


62 




573 
31 
30 


36 

306 

3,055 


20,446 

9,515 

91,658 


12,667 

6,330 

72,482 


215 
44 

188 


10,754 

6,043 

45^247 


4 



41 


185 



26^570 




201-500 




501 and above 










634 

J 


192 


121,619 


91,479 


447 

1 


62,044 


45 

1 


26^755 
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by counties and tize of plant — Continued. 



Powar-supply equipment— Contlnaed. 


Electric motors. 




Prime moTer»— Continued. 


Operated by purehased energy. 


Total. 


Run by current 

generated in 

establishment. 


Number 
of estab- 
lishments 
reporting 
no power. 


Intvnal-oombus- 


Water wheels. 


Total 
horse- 
power. 


Electric motors. 


Other 
(horse* 
power). 


Nnm' 
ber. 


Hocse* 
power. 


Num- 
ber. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




19 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


73 


4 


915 



640 


64 

2 


1,264 



125 


11,046 

4,638 

14,057 


821 
808 


11,046 

4^638 

H067 







879 
2,424 


11,766 

5^356 

34,513 


146 

58 

1,616 


720 

718 

20,486 










77 


1,455 


66 


1,389 


29^741 


4^024 


29,741 





5,844 


51,665 


1,820 


21,924 


216 


102 

2 


911 



30 


28 

2 


658 



400 


2,080 

3 

250 


391 
2 
2 


2,0a 
250 


27 




456 

26 

540 


2,362 

158 

11,963 


65 

24 

588 


339 

155 

, 11,703 










104 


941 


25 


1,058 


2,303 


396 


2,276 


27 


1,022 


14,473 


627 


12,197 


136 


17 




432 




9 
6 
2 


465 
500 
100 


1,686 

397 

12,262 


164 

18 

334 


1,656 

397 

12,262 


30 




164 

18 

1,008 


1,656 

397 

34^338 






674 






22,076 










17 


432 


17 


1,065 


H345 


516 


14,315 


30 


1,190 


36,391 


674 


22,076 


19 


24 


8 


346 



7,270 


49 
3 
8 


906 
96 
90 


3,515 

1,693 

12,686 


591 

52 

495 


3,430 

1,503 

12,686 


85 




630 

113 

2,119 


3,719 

2,360 

49,585 


39 

61 

1,624 


289 

767 

36^899 








............ 


32 


7,616 


55 


1,181 


17,794 


1,138 


17,709 85 


2,862 


55,664 


1,724 


37,955 


44 


37 

6 


325 



215 


38 
7 



1,103 

225 




1,226 

600 

6^795 


195 
146 
342 


1,226 

600 

6,795 







201 

158 

1,026 


1,291 

885 

13,490 


6 

12 

684 


65 

285 

6,606 










42 


540 


45 


1,328 


8,621 


683 


8,621 





1,885 


15,666 


702 


7,046 


18 


28 
10 
24 


148 

620 

23,633 


14 




341 




3^626 

4^050 

16^366 


1,021 
330 
814 


3,626 

4,059 

16,366 







1,072 

790 

3,707 


3^954 

5^536 

76^640 


51 

460 

2,883 


328 

1,477 

00^274 










63 


24^401 


14 


341 


24^051 


2,165 


24,051 





5^560 


86,130 


8,404 


62,079 


63 


49 
6 
5 


668 

425 
590 


9 
3 
4 


266 

180 
125 


1,964 

1,264 

94,920 


359 

132 

4^539 


1,964 

1,264 

94,920 







402 

442 

6,387 


2,355 

4,916 

119,638 


43 

810 

1,848 


391 

3^662 

24»718 










00 


1,688 


16 


571 


98,138 


5,080 


98,138 Ol 7,231 126^909 


2,201 


28,771 


40 


11 


68 


2 
8 



43 

41 




10,642 

?672 

15v631 


1,480 

' 618 

557 


1^452 

ir^672 

15^631 


90 1 1.5S0 


10^648 
8^975 . 
100,923 


70 

91 

2,186 


196 

1,308 

85^292 













709 













2,743 






11 


68 


5 


84 


33,845 


2,655 


33,756 


90 j 5,002 


120^546 


2,347 


86,791 


74 


73 

2 



17 



2 


2,576 



40 


10^146 

4^809 

12,360 


1,741 

449 

1,494 


10,126 

4,809 

12,360 


20 




1,967 

469 

1,596 


11,296 

4,849 

H019 


226 

20 

101 


1,172 

40 

1,669 










75 


865 


124 


2,616 


27,315 


8,684 


27,286 


20 


4^031 


30,166 


347 


2»871 


231 


39 

3 


290 



3,600 


28 




566 




8,768 
1,379 

1,784 


619 
73 
61 


3,768 
1,379 
1,784 







651 
139 
533 


4^138 

3,108 

18,553 


82 

66 

472 


370 

1,729 

16,769 


' 








42 


3,880 


28 


566 


6,931 


753 


6,931 


1,323 


25,799 


670 


18,868 


66 


31 
2 

7 


374 
214 

27 


46 

1 
2 


1,479 

165 

26 


5,966 

3,709 

20,594 


1,540 
849 
901 


5,791 

3,709 

20,594 


175 1,600 
934 
, 1,067 


6,451 

4,288 

22,777 


60 

85 

166 


660 

579 

2,183 










40 


^ 615 


49 


1,670 


30,269 


3,290 


30,094 


175 ' 3,601 


33,516 311 


3,422 


100 


35 

7 


311 



110 


10 




363 




7,026 

6,011 

44,275 


1,460 

649 

2,949 


7,025 

6,011 

44,275 


1 1,600 
. 1,274 
, 4,930 


7,766 

8,502 

124,008 


131 

625 

1,981 


741 

2,491 

79,823 








42 


421 


10 


363 


57,311 


5,067 


57,311 


. ' 7,804 


140,366 


2,737 


83,065 85 


22 




352 




11 
3 
3 


216 
180 
900 


817 
539 
451 


286 
39 
13 


817 
539 
451 


287 
39 
13 


837 
539 
451 


1 



20 
Q 











22 


352 


17 


1,296 


1,807 


338 


1,807 


\ 339 


1,827 


1 


20 


17 


74 
2 
3 


789 

37 

665 


42 

1 



939 

250 




7,779 

3,185 

19, 176 


1,269 

258 

1,257 


7,779 

3,185 

19,176 




• 




1,464 

4d7 

3,401 


9,346 

5,944 

60,927 


195 

229 

2,144 


1,567 

2,759 

41,751 


• 






79 


1,491 


43 


1,189 


30,140 


2,784 


30,140 





5,352 

1 


76,217 


2,668 


46,077 


120 
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Table 47. — Mechanical potoersupply equipmtnt, 





County. 


Size of plant 
(horsepower). 


Establishments 

reporting 

power. 


Power-supply equipment. 




Aggregate 
horse- 
power. 


Prime movers. 


State. 


Num- 
ber. 


Aver- 
age 
size 
(h(»?e- 
power). 


Total 
horse- 
power. 


Steam engines. 


Steam turbines. 




Num- 
ber. 


Horse- 
power. 


Num- 
ber. 


Horse- 
power. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


lO 


11 




Montour 


1-200 


37 
2 
6 


22 

239 
1,190 


815 

478 

7,133 


495 

327 

6,775 


11 

3 

43 


315 

300 

6>776 


1 

2 



50 

27 






201-500 




501 and above 






fl-200 




45 


187 


i 8»426 


7,597 


57 


7,390 


3 


77 




338 
37 
38 


42 

305 

5,550 


14,173 

11,316 

211, 730 


7,794 

6,124 

170,809 


151 
111 
327 


6^341 

5,985 

103,481 


2 



42 


24 


18,588 




201-500 




501 and above 




Northumberland 

Philadelphia 


1-200 




413 


575 


237,219 


184,787 


589 


115,807 


44 


18,612 




256 
15 
29 


33 

317 

3,370 


8>422 

4,757 

97,736 


4,907 

3,115 

92^359 


95 

43 

099 


4,444 

3,115 

86,909 


3 

3 


100 



6^150 




201-50') 




501 and above 




1-200 




300 


369 


110^ 915 


100^381 


837 


93,528 


6 


6,250 




6,334 
234 
177 


19 

320 

' 1,930 


122,520 

74,929 

842,513 


67, 618 

58»113 

231,172 


931 

476 

1,137 


54,250 

55,558 

188,950 


20 

6 

73 


754 

710 

35,582 




201-500 




501 and above 




Pike 


1-200 




6,745 


80 


539,962 


356,903 


2,544 


298,758 


99 


37,046 




18 

1 


23 
2,598 


409 
2,598 


389 
2,508 


8 
27 


219 
2,008 


1 



50 





501 and above 




Sfthnyl^ll ,. 


a-200 


Pennsylvanift 

(Continued.) 


19 


158 


3,007 


2,987 


35 


2,227 


1 


50 


373 
15 
69 


25 

315 

4,250 


9,130 

i732 

293,142 


5^344 

3,080 

246^779 


125 

65 

1,612 


4>581 

2,980 

241,970 


4 



11 


83 



4,627 




201-500 




501 and above 




Susquehanna 


1-200 




450 


670 


307,004 


255,203 


1,802 


249,531 


15 


4,710 




62 

1 
1 


28 

255 

1,868 


1,723 

255 

1,868 


1,197 
250 
900 


24 

1 
2 


951 
250 
900 














201-500 




501 and above 




Wayne .^ 

• 

Wyraning 


• 
fl-200 


\ 


64 


60 


3,846 


2,347 


27 


2,101 










146 

1 
3 


30 

450 

1,871 


4,429 

450 

5^614 


3,609 

450 

5,144 


71 

1 
29 


2,348 

450 

4,444 


1 




10 






201-500 




501 and above 




fl-200 




150 


70 


10^493 


9,293 


101 


7,242 


1 


16 




46 
3 

1 


32 

337 

1,400 


1,424 
1,010 
1,400 


1,338 
1,010 
1,400 


18 

18 

4 


775 
1,010 
1,400 














201-500 

501 and above 




York 


fl-200 

201-500 

501 and above 




49 


78 


3,834 


3,748 


40 


3,185 










563 
32 
18 


34 

300 

1,810 


18,995 

9,584 

32,675 


11,450 

6,612 

13,199 


205 
41 
65 


9,104 
6,308 
7,352 



2 
5 




100 

2,450 




rKent 


fl-200 




613 


100 


61,254 


31,261 


311 


22^824 


7 


2,550 




104 
1 



29 

273 




3,042 

273 




2,896 

273 




80 
7 



1,996 

220 




2 




20 






201-500 




501 and above 




New Castle 


fl-200 


DAlAWfiin 


106 


32 


3,315 


3,168 


87 


2,216 


2 


20 




262 
16 
29 


42 

316 

2,040 


10,961 

6,064 

.'^9,182 


7,676 

4,421 

44,274 


125 

50 

173 


6,732 

3,136 

29,610 


1 

4 

14 


2 

500 

12,508 




201-500 




501 and above 






fl-200 




307 


245 


75,207 


66,371 


348 


39,478 


19 


13,010 




439 
12 
14 


22 

294 

3,550 


9,865 

3,539 

49, 764 


4,311 

2,390 

35,582 


54 
26 
66 


3,131 

2,146 

13,369 




2 

20 




146 

20,613 




201-600 


Dlstilotof Columbia. 


501 and above i 






' • i 




465 


135 


63,163 


42,283 


146 18,646 


22 


20,768 
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by coufUies and tize of plant — Contmued. 



Power-rapply equipment— Contlnaed. 


Electric motors. 




Prime movers— Continued. 


Operated by purchased energy. 


Total. 


Run by current 

generated in 

establishment. 


Number 
of estab- 
lishments 
reporting 
no power. 


Intemal-oombns- 
tion engines. 


Water wheels. 


Total 
horse- 
power. 


Electric motors. 


Other 
(horse- 
power). 


Num- 
ber. 


HOTfl^ 

power. 


Num- 
ber. 


Horso* 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




13 


1». 


14 


15 


16 


17 


18 


19 


90 


21 


99 


S3 


34 


7 




7» 




4 





51 




320 
151 
358 


67 
32 
18 


320 
151 
358 







67 
32 
19 


320 
151 
363 





1 




5 










7 


79 


4 


51 


829 


117 


829 





118 


834 


1 


5 


13 


21 

2 

23 


105 

4 

48,500 


41 
2 

4 


1,234 
135 
300 


6,379 

5,192 

40,861 


i;302 

325 

2,134 


6,379 

5,192 

40,861 







1,443 

347 

10,038 


7,021 

5,437 

232,743 


51 

22 

7,904 


642 
245 

191,882 










46 


48,600 


47 


1,669 


52,432 


3,851 


52,432 





11,828 


245,201 


7,977 


192,769 


49 


25 





270 



240 


4 




93 




3,515 
1,642 
5,377 


560 

36 

203 


3,515 
1,642 
5,377 







677 

407 

1,283 


3,904 

1,860 

20,889 


117 

371 

1,060 


389 

218 

15,512 










31 


510 


4 


93 


10,534 


799 


10,534 





2,367 


26,653 


1,568 


16,119 


41 


807 
20 
17 


12,525 
l,6ft'> 
4,640 


9 
3 
3 


89 

160 

2,000 


54,902 

16,816 

111,341 


15,110 
1,925 
9,062 


48,915 

16,201 

111,341 


5,987 

615 




17,201 

5,216 

20,213 


50,801 

38,649 

241,732 


2,001 

3,291 

11, 151 


10,886. 




22,448 
180,391 




• ^•••«»«a*« 




844 


18,850 


15 


2,249 


183,069 


26,007 


176,457 


6,602 


42,630 


340,182 


16,533 


163,725 


2,427 


8 
5 


45 3 
500 


75 



20 



1 



20 







1 



20 

















13 


635 


3 


75 


20 


1 


20 





1 


20 








11 


41 

4 
9 


398 
100 
182 


14 




282 





3,786 

1,652 

46,363 


773 
110 
520 


3,786 

1,652 

46,363 







811 

186 

1,008 


4,050 

2,366 

66,935 


88 

76 

488 


273 

714 
20,572 










54 


680 


14 


282 


51,801 


1,403 


51,801 





2,006 


73,360 


602 


21,550 


00 


11 




161 




3 




85 




526 

5 

968 


73 

2 

46 


526 

5 

968 







73 
26 
46 


526 
218 
968 




24 






213 












11 


161 


3 


85 


1,499 


121 


1,499 





143 


1,712 


24 


213 


17 


13 




121 




33 

2 


1,214 



700 


730 



470 


130 


81 


862 



470 


48 




148 


288 


831 



2,822 


18 



207 


140 



2,362 










13 


121 


35 


1,014 


1,200 


211 


1,152 


48 


436 


3,653 


226 


2,501 


21 


17 




179 




11 




384 




86 




10 




46 




40 




10 

2 

44 


46 

30 

751 




2 

44 




30 

751 










17 


179 


11 


384 


86 


10 


46 


40 


56 


827 


46 


781 


5 


80 
6 
2 


670 
204 

7 


83 



18 


1,616 



3,390 


7,545 

2,072 

19,476 


1,336 
300 

1,577 


7,450 

2,972 

19,476 


95 




1,555 

513 

1,600 


8,713 

4,264 

19,965 


219 

204 

23 


1,263 

1,292 

489 










07 


881 


101 


5,006 


29,998 


3,222 


29,898 


95 


3,668 


32,942 


446 


3,044 


428 


33 

4 



504 

53 




18 




376 




147 




50 

5 


147 









64 

5 


197 




6 




50 












37 


557 


18 


376 


147 


64 


147 





69 


197 


5 


50 


6 


18 
6 
3 


222 

160 

15 


22 
6 
3 


720 

625 

2,141 


3,285 

643 

14,908 


609 

73 

760 


3,240 

643 

14,906 


45 





723 

177 

2,272 


3,466 

1,768 

38,522 


24 

104 

1,512 


216 

1,125 

23,614 










27 


397 


27 


3,486 


18,836 


1,532 


18,791 


45 3, 172 


43,746 


1,640 24,055 | 59 


55 

6 


T39 



1,475 


3 
1 

1 


441 
100 
125 


5,554 

1,149 

14,182 


2,048 

121 

1,041 


5,544 

1,149 

14,182 


10 2,174 
1 247 
, 7,070 


6,039 

2,412 

68,987 


126 ' 495 
126 1 1.263 




6,029 


54,805 






61 


2,214 


5 


666 


20,885 


3,210 


20,875 


10 , 9,491 


77,438 


6,281 56,563 


170 
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Table Al.'—Medianioal poieer-^upply eqfuipmerUy 





Goimty. 


Sixe of plant 
(horsepower). 


Establishments 

reporting 

power. 


Power-eupply equipment. 




Afflwgate 
horse- 
power. 


Prime movers. 


State. 


Num- 
ber. 


Aver- 

(horse- 
power). 


Total 
hors^ 
power. 


Steam engines. 


Steam turbines. 




Num- 
ber. 


Horse- 
power. 

s 


Num- 
ber. 


Hone- 
power. 


1 


9 


3 


4 


5 


6 


7 


8 


' e. 


10 


11 




/AnnA Anm^^^ ^ ....... 


1-200 


44 

2 
2 


25 
299 

983 


1,076 

597 

1,965 


686 

250 




28 
1 



531 

250 




1 




10 




• 


201-500 




501 and above 




Baltimora 


fl-200 




i8 


76 


3,637 


935 


29 


781 


1 


10 




90 
6 
7 


25 

301 

15,300 


2,285 

1,806 

107; 089 


1,646 

1,492 

88,870 


88 
22 
11 


1,146 

1,492 

21,470 






13 






4,495 




201-500 


> 


501 and above 




Baltimore City 

CecU •. 


1-200 




103 


1,080 


111,182 


87,008 


71 


24,108 


13 


4,495 




1,863 
99 
74 


88 

317 

1,730 


70,862 

81,412 

128,473 


18,411 
18,659 
41,591 


295 
161 
413 


16,035 
17,787 
85; 342 


5 

7 

28 


815 

271 

' 4,153 




201-500 




501 and above 




> 

1-200 




2,036 


113 


230,747 


78,661 


869 


69,164 


40 


4,739 




78 
6 


36 
884 


2,854 
6,806 


2,455 
6,806 


50 
76 


1,638 
4,880 










^f^MvlmnjI 


501 and above 


MBiyiaixi. .......... 


Heribrd 


1-200 


84 


97 


8,162 


7,763 


126 


0,518 










164 
5 
1 


24 
282 

750 


8,961 

1 410 

750 


8,295 

1,380 

750 


132 

13 




2,190 

780 




1 


1 


15 



750 




201^500 




501 and above 




Knnt 


1-200 




170 


36 


6,121 


5,425 j 145 


2,970 


2 


765 




44 


35 


1,548 


1,541 


34 


1,149 


1 


12 




1-200 '.. 




Prlnee Oeorges 

OnMm AnnAfl 


44 


85 


1,548 


1,541 


34 


1,149 


1 


12 




46 


16 


746 


734 


32 


620 










1-200 




46 


16 


746 


734 


32 


620 










41 


24 


1,002 


933 


32 


786 





• 










41 


24 


1,002 


933 


32 


766 
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by counties and $ize of plant — Continued. 



Power^upply equlpment—Cknitinued. 


Electric motors. 




Prime moveir9--Continued. 


Operated by purchased energy. 


Total. 


Run by current 

generated in 

establishment. 


Number 
of estab- 
lishments 
reporting 
no power. 


Inlernal-oombus- 
tion engines. 


Water wheels. 


Total 
horse- 
power. 


filectrie motors. 


Other 
(horse- 
power). 


Num- 
ber. 


Horse- 
power. 


Nom- 
ber. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 


Number. 


Horse- 
power. 




12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


28 


28 


24 


3 




144 















390 

347 

1,965 


80 
25 

51 


390 

347 

1,965 







81 
25 
51 


309 

347 

1,965 


1 




9 












3 


144 








2,702 


156 


2,702 





157 


2,711 


1 


9 


7 


15 


17 


96 



56,700 


20 



11 


404 



2,205 


639 

316 

23,219 


63 
101 
606 


685 

316 

23,219 


4 




83 

101 

2,745 


792 

316 

133,314 


20 



2,047 


157 



110,005 


• 








32 


55,796 


31 


2,600 


24,174 


862 


24,170 


4 


2,929 


134,422 


2,067 


110,252 


28 


138 
16 
10 


1,887 

601 

2,096 


8 




174 




52,451 
12,753 
86,882 


6,011 
1,059 
5,555 


52,342 
12,753 
86,862 


109 




6,511 
1,824 
6,427 


54,709 
17,906 
97,128 


500 
765 
872 


2,367 

5,243 

10,256 










164 


4,584 


3 


174 


152,066 


12,625 


151,977 


109 


14,762 


169,843 


2,137 


17,866 


796 


23 
7 


180 
128 


23 
2 


637 
300 


399 



38 



399 







69 
15 


491 
193 


31 
15 


92 
103 


. 






30 


306 


d6 


037 


399 


38 


399 





84 


684 


46 


285 


12 


41 




889 




24 
2 




701 

600 




666 

30 




77 
2 



666 

80 









77 

2 

12 


666 

30 

745 






12 






745 










41 


389, 26 


1,301 


606 


79 


696 





91 


1,441 


12 


745 


11 


24 


249 


6 


131 


7 


2 


7 





3 


9 


1 


2 






24 


249 6 


131 


7 


2 


7 





3 


9 


1 


2 


1 


14 


114 ; 





12 6 


12 





6 


12 












14 


114 





12 6 


12 





6 


12 








23 


11 


69 6 


98 


60 . 10 


69 





10 


69 












11 


69 6 


98 


60 


10 


69 





10 


69 








8 



ipod 

ime 

2rs 

am 

n 

Dds 

iva- 

ilo* 

t- 

"S. 



000 
000 
>00 
000 I 
000 ' 

000 
400 
000 

rxjo 
^m 

000 
000 

coo 

000 
000 
000 
000 

700 
"jOO 

ono 

GOO 
000 
fJOO 
000 
000 

no.) 

fXSJ 
000 



«XK) 
oOO 

400 

40f] 

iix 

GOT 
t>4< 

ooc 
ou 

00< 
(XK 
00( 

oOt 

one 
ooc 



*4C 



Power analysis. 



>ped 
Lme 
3rs 
mtx 

n 

mds 

iva- 

ilo- 

t- 

•s. 



000 
000 
800 
000 
000 

000 
400 

000 

ouo 

800 
000 
000 
000 
600 

000 
000 
000 
000 

700 
500 

000 
600 

000 
500 
000 

000 

000 
000 
000 
000 
000 

000 
000 
000 
000 

000 
500 

400 

400 
500 
100 

000 
640 

000 
000 
000 
000 
000 
000 

500 

000 
500 



Factor 



80 



2,000 
820 
700 



Energy 

{>urchased 
br power 
(coliiinn 
16)1]] 
thouBands 
ofkUo. 
watt- 
hours. 



81 



HOOO 
10,300 
30,000 



Portion of prime 
movers (oot 

onin 7) (except 
water wheels) 

that mlftbt have 
been replaced 

by supeipower. 



Per 
cent of 
colunm 
7 minus 
column 

15. 



82 



81 
09 
02 



Horse- 
power. 



88 



27,000 
17:000 
17^000 



Motor horsepower required 
to replace prime movers 
In column 33 and energy 
to be purchased for them 
firom superpower system. 



Motor 
horse- 
power 

per 
prime* 
mover 
horse- 
power. 



84 



1.1 
1.0 
1.2 



Total 
horse- 
power. 



SS 



29,700 
17; 000 
20,200 



Energy 
roauirea 

(thou- 
sands cf 
kilowatt- 
hours). 



36 



59,400 
14,000 
14^200 



Co&l analysis. 



Coal used for power by prime movers (column 33) and 
coal used in conjunction with them for heating and 
process work. 



Total. 



Per 
cent 
of col- 
umn 
26. 



87 



79 
87 
30 



Short 
tons. 



88 



330,000 

38,000 

136^000 



For power. 



Per 

cent 
of col- 
umn 
38. 



89 



75 
96 
25 



Short 
tons. 



40 



248,000 
36,500 
34^000 



For heating and 
process work. 



Per 

cent 
of col- 
umn 
38. 



41 



Short 
tons. 



42 



25 
4 

76 



82,000 

1,500 

102,000 



Coal 
required 
by super- 
power 
system to 

suppljf 

energy in 

cdumn 

36 (short 

tons). 



48 



50,400 
14,000 
14,200 



Coalsaved 

by super- 
power 
svstem 
(short 
tons). 



44 



188,600 
22,500 
19,800 



740 

1,350 
900 
900 

1,300 

1,040 
850 

1,200 
650 

1,300 

1,000 

1,000 

825 

780 

720 
480 

1,500 
900 

3,000 
1,000 
1,000 

470 

600 
1,500 

600 
1,300 
1,500 

4,000 
580 
520 

1,600 

2,800 
1,120 

960* 

900 

1,200 

760 

2,000 
800 

910 
1,250 
1,250 
2,400 
1,200 
1,060 

800 

1,040 
780 



000 ! 1,240 



50,000 

245^000 
32^400 
53,000 
80,000 
6^500 
20,000 
27,500 
37,300 
31,800 

400 

81,500 

40,000 

342,000 

3,500 
33,200 

45,000 
39^800 

168y000 

24,000 

136^700 

5,700 

12,000 

5,200 

2,600 

2,000 

158,000 

190,000 
20,200 
13,700 
11,600 

280,000 
65,000 

6,300 

38,000 

20,600 

5,800 

65,000 
15,000 

24,600 
109,000 
129,000 

68,000 
205,000 
115,000 

8,600 

123,000 
28,000 

31,000 



91 

87 
37 
74 
20 
29 
23 
65 
60 
54 



38 
T7 
97 



88 

17 
80 

49 

94 

100 

71 

75 
100 
60 
23 
65 

25 
97 
91 
83 

90 
95 

100 

95 
100 
100 

100 
100 

94 
83 
76 
96 
100 
87 

23 

100 
100 

100, 



88,500 

500,000 
1^000 
54^000 
54,000 
7,000 
25,000 
40,000 
15,000 
12,000 



1.0 

1.0 
1.1 
1.1 
1.0 
1.0 
1.2 
1.0 
1.0 
1.0 



88,500 

500.000 
18^700 
59,500 
54,000 
7,000 
30,000 
40,000 
15,000 
12,000 



65,000 

675w000 
17,000 
54,000 
70,500 

7,300 
25^500 
48,000 

9.700 
1^600 



72 

77 
24 
57 
12 
19 
8 
42 
28 
39 



504,000 

1,500,000 

85^000 

24(),000 

162,000 

47,000 

75,000 

120,000 

105,000 

106,000 



60 

80 
50 
60 
80 
40 
80 
80 
60 
75 



856,000 

1,200,000 
42L500 
144,000 
130,000 
18,800 
60,000 
96,000 
63,000 
81,000 



40 

20 
50 
40 
20 
60 
20 
20 
40 
25 



238,000 

300,000 
42,500 
06,000 
32,000 
28,200 
15.000 
24,000 
42,000 
27,000 



65,000 

675,000 
17,000 
54,000 
70,500 

7,300 
25^500 
48^000 

9,700 
15^600 



185,000 

17,000 

442,000 



1.0 
1.3 
1.2 



185,000 

22,000 

531,000 



185,000 

18,000 

415^600 



40 
44 

60 



1,630,000 

107,000 

2; 050, 000 



75 
65 
75 



1,220,000 

70,000 

1,540,000 



25 
35 
25 



4iaooo 

37,000 
510,000 



185,000 

18,000 

415,600 



112,000 

IOlOOO 
35^000 

110^000 
28,700 
31,000 

71,000 

15,000 
15,300 
62,000 
15,000 
125,000 

29,000 

40,000 

50,000 

4,800 

175,000 
45,000 

8,500 

15,000 
5,400 
5,600 

67,000 
800 

30,000 
70,000 
92,000 
70,000 
57,000 
136,000 

10,000 

782,000 
73,000 

76,600 



1.3 

1.0 
a9 



.0 
.2 
,2 

.0 

.0 
.0 
.0 
.0 
.0 

.0 
,0 
.0 
.1 

.2 
.2 

.0 

.2 
.0 
.0 

.0 
.0 

.0 
.2 
.2 
.1 
.5 
.0 

.0 

. 5 
.0 

.5 



440 1,200 



3,338,800 



70 



4,006,200 



145^000 

10^000 
31,500 

110^000 
34,000 
37,000 

n,ooo 

15,000 
15,300 
62,000 
15,000 
125,000 

29,000 

40,000 

59,000 

5,300 

210,000 
54,000 

8,600 

18,000 
5,400 
5,600 

67,000 
800 

30,000 
84,000 

110,000 
87,000 
85,000 

136,000 

10,000 

1,170,000 
73,000 

115,000 



7,000 

15,000 
28,000 

830^000 
34,000 
37,000 

33,000 

9,000 

23,000 

37,000 

20,000 

188,000 

116,000 

23,000 

30,600 

8,500 

590,000 
61,000 

8,100 

16,200 
6,500 
4,200 

134,000 
600 

127,300 
106,000 
142,000 
210! 000 
102,000 
145,000 

8,000 

1,215,000 
57,000 

96,000 



80 

20 
51 

40 
83 
05 

68 

38 
96 
46 
23 
55 

25 

68 
73 
60 

77 
72 

79 

41 

36 
42 

79 
14 

65 
63 
51 
96 
50 
74 

25 

99 
96 

87 



320,000 

IOC), 000 
14(^000 

900,000 
156,000 
133,000 

481,000 

1,500,000 
277,000 

1,600,000 
300,000 

1,548,000 

525,000 
236,000 
640,000 
145,000 

1,315,000 
217,000 

52,000 

69,000 
42,000 
15,000 

734,000 
6,000 

140,000 
444,000 
300,000 
680,000 
310,000 
773,000 

100,000 

7,657,000 
266,000 

370,000 



75 

25 
33 

80 
75 
00 

27 

4 
27 
12 
23 
50 

40 
50 
20 
25 

60 
80 

68 

53 
50 
50 

50 
80 

45 
50 
50 
99 
78 
65 

20 

92 
93 

41 



240,000 

25,000 
46,000 

720,000 
117,000 
120,000 

130,000 

60,000 
75,000 

200,000 
69,000 

774,000 

210,000 

118,000 

128,000 

36,000 

789,000 
173,000 

35,300 

36,500 

21,000 

7,500 

367,000 
4,800 

63,000 
222,000 
150,000 
673,000 
212,000 
503,000 

20,000 

7,012,000 
247,000 

152,000 



.18 



4,708,000 



5,623,800 



56 



20,818,000 



64 



10, 125, 000 



25 

75 
67 

20 
25 
10 

73 

96 
73 
88 
77 
50 

60 
50 
80 
75 

40 
20 

32 

47 
50 
50 

50 
20 

55 
50 
50 
1 
22 
35 

80 

8 

7 

59 



80,000 

75,000 
04,000 

18,000 
39,000 
13,000 

351,000 

1,440,000 
202,000 

1,400,000 
231,000 
774,000 

315,000 
118,000 
512,000 
100,000 

526,000 
44,000 

16,700 

32,500 

21,000 

7,600 

367,000 
1,200 

77,000 

222,000 

150,000 

7,000 

68,000 

270,000 

80,000 

645,000 
19,000 

218,000 



70,000 

15,000 
28,000 

330^000 
34,000 
37,000 

33,000 

9,000 

23,000 

37,000 

20,000 

188,000 

116,000 

23,000 

30,600 

8,600 

500,000 
61,000 

8,100 

16,200 
6,500 
4,200 

134,000 
600 

27,300 
105,000 
142,000 
210,000 
102,000 
145,000 

8,000 

1,215,000 
57,000 

96,000 



201,000 

525^000 
25,500 
90,000 
59,600 
11,500 
34,600 
48^000 
53,300 
65,400 



1,035,000 

52,000 

1,124^400 



170,000 

10^000 
18,000 

390,000 
83,000 
88,000 

07,000 

51,000 
52,000 

163,000 
49,000 

586,000 

04,000 
05,000 
07,400 
27,600 

109,000 
112,000 

27,200 

20,300 

14,500 

' 3,300 

233,000 
4,200 

35,700 
117,000 
8,000 
463,000 
140,000 
358,000 

12,000 

5,707,000 
100,000 

53,000 



36 



10,602,100 



5,623,800 



13,602,100 
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ANAIiTSIS OF IKDUSTRIES. 

QBNBBAIj featubbs. 

In order to determine the quantity of coal that might be saved and the amomit of power 
that might have been economically suppUed by purchased energy, the detailed statistics of the 
industries shown in Table 46 were submitted to several engineers and manufacturers, who 
analyzed the data and gave their opinions as to the amount of energy that might have been 
economically purchased and the resulting saving of fuel. In the estimates made by this survey 
due regard has been given to the opinions thus obtained. 

The results of this analysis are shown in Table 48. The headings for columns 5 to 27 in 
Table 48 are the same as the corresponding headings in Tables 44, 45, and 46. Other columns 
are explained as follows: 

Column 29 is column 7 multiplied by column 28. 

Column 31 is column 16 multiplied by column 30. 

Column 32 is the ratio, in per cent, of column 33 to the difference between column 7 and 
column 15. 

For each size of power plant in each industry the prime mover that might have been re- 
placed by superpower was determined. The sum of these items is shown in column 33. 

Column 34 shows the motor horsepower per prime-mover horsepower as determined by the 
authorities consulted. 

Column 35 is column 33 multiplied by column 34. 

Column 36 is column 35 multiplied by factor B (column 30) . 

Column 37 is ratio in per cent of column 38 to column 26. 

Column 43 is based on a consumption by the superpower system of 2 pounds of coal per 

kilowatt-hour delivered at the motor leads. Column 43 =» snoo 

Column 44 equals column 40 minus column 43. 

This table shows that the energy developed by prime movers in the industries in 1919 was 
equivalent to 9,311,440,000 kilowatt-hours and that the energy purchased was 3,338,800,000 
kilowatt-hours, a total of 12,650,240,000 kilowatt-hours; also that it would have been econom- 
ical to shut down 4,008,200 horsepower of prime movers, exclusive of water wheels, and to 
piLrchase additional enei^ to the amount of 5,623,800,000 kilowatt-hours, which would have 
made a total of 8,962,600,000 kilowatt-hours of purchased electrical energy. 

The total coal used for power by prime movers that might have been replaced by super- 
power and the coal used in conjunction with them for heating and in manufacturing processes 
was 29,818,000 tons, of which 19,125,900 tons was used for power and 10,692,100 tons for 
heating and in manufacturing processes. If the energy developed by these prime movers had 
been purchased, the 19,125,900 tons of coal burned for power would have been replaced by 
5,623,800 tons burned at the central stations (at the rate of 2 pounds of coal per kilowatt-hour 
as measured at the motor leads), a saving of 13,502,100 tons. That is, 71 per cent of the coal 
used for power by the prime movers or 25 per cent of the total coal used by the industries might 
have been saved. 

In estimating the fuel saved by the superpower system (Table 48) the percentages given in 
columns 39 and 41, *^For power*' and "For heating and process work,'' are to be construed not 
as percentages for the whole industry but as percentages for only that part for which purchased 
energy might have been supplied. These percentages were obtained from the analyses made by 
the authorities consulted. 

Column 33 shows the power that might have been supplied economically to each industry 
by a superpower system. In determining this item the groups that use waste gases for fuel, 
that use waste-heat boilers, and that have water power were omitted. In all but a very few 
industries it was found to be more economical for plants of less than 200 horsepower to purchase 
all the energy they require, regardless of their requirements for heat. Almost the same is true 
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for plants of 201 to 500 hoi^epower. It is only in plants that are larger than 500 horsepower and 
that have some special requirements for. heat that the generation of power can be justified. 
Even in these plants the power supply and demand can not be completely balanced^ and central- 
station connections should be available for taking up irregularities. 

SECOND ABY BAVmaS. 

In this analysis the only fuel saving credited to the purchase of electrical energy is the 
direct saving in the production of power. Experience has shown that in plants using purchased 
power much of the fuel formerly used for process heat can be saved through the simplification 
of the heating arrangements by the elimination of power production. Further, it was assumed 
in the analysis that much prime-mover power would be retained, owing to the use of waste-heat 
boilers and strict modernization of power-producing equipment. Such improvements would 
undoubtedly also result in an improvement in the heating arrangements similar to that found in 
an establishment purchasing electrical energy. 

WATEBWOBES. 

The accompanying tables do not include the mechanical powernsupply equipment or 
fuel used by waterworks, because these plants are usually considered in a different class from 
industries. A survey of the waterworks in the superpower zone shows that they used 260,000 
long tons of anthracite and 260,000 short tons of bitmninous coal in 19^19. To replace this 
coal would require 340,000,000 kilowatt-hours of energy, the generation of which would 
require 340,000 tons of coal, at 2 poimds of coal per kilowatt-hour at the motor leads; this indi- 
cates a saving of the equivalent of 154,000 tons of bituminous coal. The possible load due to 
waterworks has not been included in any figure of this analysis. 

COMMENTS ON SPECIAL INDtJSTItlES. 

The industry using the largest amount of coal is anthracite mining, and in this industry a 
coal saving of more than 75 per cent could be made if the mines were supplied from an effi- 
cient central electric power system. The present large consumption may be accounted for by 
the use of inefficient prime movers, long steam lines, inefficient pumps, and improper boiler 
and furnace design for burning the coal. 

Many industries could save coal by the use of waste-heat boilers. Probably the greatest 
saving by this means could be made in the cement industry. It is estimated that if waste- 
heat boilers had been in use in all the cement plants in the superpower zone in 1919, 540,000 
tons of coal would have been saved. 

There are many blast furnaces in the superpower zone which are isolated from any steel 
plants or rolling mills, and approximately half their gases are wasted. These gases would pro- 
duce sufficient heat for boilers to generate 500,000,000 kilowatt-hours a year. 

In certain plants the low-pressure steam requirements greatly exceed the power require- 
ments, and there is no reason why such plants should not generate by-product power and sell 
it to the electrical distributing companies. 

EXERQT KHQUTRED BY IiOAD CENTERS. 

Table 49 gives the electric energy in kilowatt-hours that might have been suppUed by a 
superpower system in 1919 to replace the energy produced by prime movers in isolated plants. 
The factors for enei^ requirements obtained from the analysis sunmiarized in Table 48 were 
appUed to the detailed data for each industry in the Bureau of the Census, and the results 
summarized by load centers are given in Table 49. 
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Tabug 49. — Eledric energy^ in hihwatt-kours, that might have been supplied hv a superpower system in 19X9 to replace 

(he energy prodvced by prime movers in isolatea plants. 



IxM^ center. 



Boston , 

Lowell 

Providence : 

Worcester 

Nortliampton ^..^ 

Hartford 

New Haven 

Albany 

Utica 

New York 

Newark 

Hudson 

Wilkes-Barre 

Allentown 

Pottsville 

Baltimore 

Harrisbure 

Philadelphia 

Trenton 

Washington 



Total energy at 
motors. 



206,000,000 
193,500^000 
536, 000, 000 
130,000,000 
105,500,000 
103, 000, 000 
277,000,000 
155,000,000 

59, 800, 000 
460,000,000 
625, 000, 000 

40,000,000 
860, 700, 000 
162,000,000 
495,500,000 
125,000,000 
230,800,000 
698,000,000 
121,000,000 

40,000,000 



5,623,800,000 



Portion of energy for 
anthracite rninee 
at motora. 



785,200,000 



415,470,000 
*i4,'786,'666 



1, 215, 450, 000 



12 



II 



10 



PREDICTION OF FUTURE LOAD. 

Figure 17 shows the past and predicted future industrial mechanical power-supply equip- 
ment. The past has been plotted from Census data and the future from the past and the 
opinion of several authorities on industrial 
development in the zone. It is shown in 
Table 48 that on the average 1.18 horsepower 
of motors is required to replace 1 horsepower 
of prime movers. The increase in recent 
years of motors operated by purchased energy 
has therefore affected the aggr^ate horse- 
power, giving the curve an increased slope. 
This has been considered in predicting the 
1930 value, which shows an increase in the 
aggr^ate horsepower of 33 per cent from 
1919. If the ratio of motors operated by 
purchased energy to aggr^ate horsepower 
remained as in 1919 the increase in aggr^ate 
horsepower in 1930 would be only 20 per cent. 

The curve of horsepower that might have 
been suppUed by superpower as drawn in 
figure 17 is based on the analysis in Table 48 
for 1919. As in that year 4,008,200 horse- 
power of prime movers would have been 
replaced by 4,703,000 horsepower of motors, 
it has been necessary to consider the ratios 
discussed in the preceding paragraph in plotting this curve. When '* saturation" is reached 
in 1930 these considerations are eliminated; prior to that time the form of the curve is correct, 
but exact values have been adjusted in consideration of the actual horsepower of motors 
operated by purchased energy. 

COST OF INDUSTRIAL. POWER. 

Figures 18 and 19 show the comparative cost of power generated in isolated condensing 
plants of capacities up to 5,000 kilowatts, operating at four load factors, and of purchased power 
for the same capacities. For the same load factor the curve of the cost of purchased power 
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Figure 17.— Past and predicted future mecbanical power-supply equip- 
ment used by industries in superpower sone, 1870-1030. 
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is considerably below the cost of generated power. As these curves represent condensing 
plants, all noncondensing plants, where the exhaust steam is not utilized in manufacturing, 
would realize an even greater saving by the purchase of power. 



500 u>oo i;eoo 2000 2^00 3000 3^0 4;;}00 ^00 aooo 

CAPACITY OF PLANT IN KILOWATTS 

Flami 18.— Coet of alaiHitc pover ror Industrial pUnls optratlng on« shift daUjr. Bssed on pricw and central-stallon tales prevaHIng Id Jnl7> 

telS. CobI figured at Ki.lS per shorl ton delivered, Flied chargiu, IS per cent. 
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riQUBE 19.— Cost or electric power 



ISOLATED PLANTS. 



The cost of power shown for isolated plants includes all labor, fuel, and fixed charges. 
Labor rates are those of 1919. Fuel was charged at $5.18 per short ton delivered. Fixed 
chaises, including interest, depreciation, taxes, and insurance, were taken as 16 per cent of 
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the investment cost as of 1919. The isolated plants were assumed to be designed in accordance 
with the best modem practice. 

OBNTBAL STATIONS. 

The central-station rates shown on the curves are the average rates in force in 1919 for 
several electric utilities that used coal-produced energy exclusively and that* supply approxi- 
mately 400,000,000 kilowatt-hours yearly for industrial power at these rates. The rates are 
adjusted to coal at (5.18 per short ton delivered. At the present time these rates are typical 
of the large central stations only and not of the smaller companies, which are prevented by 
limitations of generating capacity from soliciting large power loads. These limitations would, 
however, be removed by the development of a complete unified system of electric supply. 

SAVING IN COST OP POWER TO INDUSTRIES. 

In Table 50 are given estimates showing the saving in cost of power to the industries 
possible by a change from the several types of power-supply equipment actually used in 1919 
to the maximum economical use of purchased electrical energy. The costs of power have been 
taken from figure 18, the data being applied in detail to each type and average size of plant, 
and the estimates therefore show the difference between average best isolated-plant practice 
and central-station service. Savings are also shown for 1930 on the same basis as for 1919. 
A fixed chaise of l6 per cent per annum has been made against electrification, based on the 
cost of motors at (35 per horsepower installed. It is to be noted that in either 1919 or 1930, 
when the maximum purchase of electrical energy is considered, the aggregate horsepower is 
greater, owing to the ratio of motor to engine horsepower, as explained in connection with 
figure 17. The figures in the last two colimins of the table are rounded to represent the nearest 
$10,000,000. 

Tablb 50. — Possible saving in annual cost of industrial power through maximvm economical use of purdiased electrical 

energy, 1919 and 1930, 

Actual proportion of power-supply equipment, 9,069,000 horsepower (average cost, $55 

per horsepower-year) $500,000,000 

With maximum purchase of electrical eneigy: 

9,764,000 horsepower (average cost, $32 per horseiwwer-year) $310, 000, 000 

Horsepower. 

Motors required 4, 703, 000 

Motors now installed and available (21 per cent) 990,000 

New motors required 3, 713, 000 

Cost of motors installed, $130,000,000. 

Motor fixed charge, at 16 per cent 20,000,000 

330,000,000 

Possible saving 170,000,000 



Arrested development, based on a supply of industrial power by eqiupment in the same 
proportion as was actually used in 1919, 11,100,000 horsepower (average cost, $55 per 

horsepower-year) $610, 000, 000 

With maximum purchase of electrical energy: 

12,150,000 horsepower (average cost, $32 per horsepower-year) $390, 000, 000 

Horsepower. 

Motors required 6, 700, 000 

Motors now installed and available (21 i)er cent) 1,400,000 

New motors required 5, 300, 000 

Cost of motors installed, $185,000,000. 

Motor fixed charge, at 16 per cent 30, 000, 000 

420,000,000 

Possible saving - 190, 000, 000 



APPENDIX E, 

PERFORMANCE AND COST OF THE SUPERPOWER SYSTEM. 



By Henby Flood, jr., A. R. Wellwood, and others of the engineering stafF. 



GCNEllAIi CONDITIONS. 

The accompanying tables and diagrams show the investment cost and the cost of power 
delivered by a superpower system to the load centers in 1919, in 1925, and in 1930. St. Law- 
rence and Niagara power will probably not be available until after 1930, but the effect of St. 
Lawrence power on the Eastern New England, Western New England, and Mohawk-Hudson 
divisions and that of Niagara power on the Metropolitan division are shown for 1932. 
I The cost of delivering power from a superpower, system in 1930 if all the new power plants 
were of the Bteam-electric type is mentioned in order to justify the construction of both steam- 
electric and hydro-electric plants as proposed. 

The figures given for cost of superpower operation, including those for 1919, are of course 
hypothetical; the figures for independent operation in 1919, where given, represent actual cost. 

DEMAND AND ENERGY. 

Table 51 shows the estimated demand and energy for the superpower system in 1919, 
1925, and 1930. These estimates are based on the rate of growth of the utilities, the industries, 
and the railroads within the zone. 

The figures in the first two columns in this table show the peak demand for power and the 
energy used during the year 1919 that could have been economically supplied by a superpower 
system. The figures in the second column include, first, the enei^ actually supplied by electric 
public-utility companies as reported by them; second, the energy now generated and used by 
isolated plants of industries that might have obtained it more economically from a superpower 
system, as determined by a method stated in detail in Appendix D (p. 143) ; third, the energy 
required for the heavy-traction load, which includes that of the railroads which can be econom- 
ically electrified. 

The figures showing the demand in 1919 were derived from the load factor of the energy 
actually supplied to the load centers in that year. The industrial and railroad loads that were 
added naturally tended to raise the load factor, but in order to be conservative the electric- 
utility load factor used was that for 1919. 

Table 51. — Demand and energy requirementafor superpower zone. 



Oeographlc division and load center. 



Eastern New England: 

Boston 

Lowell 

Newburyxwrt 

Brockton 

Providence 

New Bedford 

Worcester 



1919 



Demand 
(thousands 

of 
kilowatts). 



296.0 
107.6 



291.0 



148.1 
842.7 



Energy 

(millions of 

kUowatt- 

hoiirs). 



1,069.7 
390.5 



1, 019. 8 



535.9 
3, 015. 9 



1925 



Demand 
(thousands 

of 
kilowatts). 



382 
36 
54 
27 

161 
71 

187 

918 



Enorgy 

(millions of 

kUowatt- 

hoars). 



1,439 
136 
203 
102 
608 
266 
704 

3,458 



1030 



Demand 
(thousands 

of 
kilowatts). 



492 

45 

67 

41 

246 

108 

244 

1,243 



Ener^ry 
(millions of 
kilowatt- 
hours). 



1,886 
173 
257 
155 
939 
414 
931 

4,755 
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1010 


1985 


1030 


Oeognphio dirlsknand load center. 


Demand 
(thousands 

of 
kUowatts). 


Energy 
(millions of 
kilowatt- 
hoars). 


Demand 
(thousands 

of 
kUowatts). 


Energy 

(millions of 

kUowatt- 

hoors). 


Demand 
(thousands 

kUowatts). 


Energy 
(mil lions of 
kilowatt- 
hours). 


Weetern New England: 

RridiwiM^rt .. T.r X 






U5 
64 
39 
44 
80 

136 
35 


428 
239 
144 
165 
297 
507 
129 


146 
81 
49 
57 
103 
173 
43 


555 


New^oaven 


244.0 


869.8 


308 


Norwich 


184 


Waterbnrv 






218 


Hartford 


75.9 
148.5 


270.6 
530.4 


392 


Northanipto^ . , 


657 


PittBfiela . 


163 










• 


468.4 


1,670.8 


513 


1,909 


652 


2,477 


Mohawk-Hudson: 

Schenectadv 


201.0 
58.6 
62.1 


811.9 
238.5 
262.5 


233 
92 
56 
34 


973 

383 

356 

,155 


300 

162 

83 

46 


1,263 


Utica 


680 


Pouffhkeenflie'. 


374 


Port Jezvifl 


209 












321.7 


1, 312. 9 


415 


1,767 


591 


2,526 


MetropoUtan: 

New York 


923.0 


3, 595. 5 


1,270 

55 

360 

45 


5,066 
219 

1,438 
180 


1,570 

66 

461 

59 


6,393 


Paterson 


271 


Newark 


513.0 


1, 994. 5 


1,878 


New Bnuiflwick . . • .,..,,.,. 


239 










■ 


1, 436. 


5, 590. 


1,730 


' 6,903 


2,156 


8,781 


Anthracite: 






120 

145 

156 

58 

70 


569 
687 
737 
276 
331 


168 

218 

229 

78 

92 


771 


Wilkes-Barre 


346.2 


1, 592. 9 


1,000 


Hazleton 


1,051 


Allentown 


150.0 
157.2 


689.4 
723.0 


359 




425 








653.4 


3,005.3 


549 


2,600 


785 


3,606 


Trenton 


91.3 
534.0 


376.2 
2,202.7 


83 
706 
106 
161 

46 
291 

84 
1,477 


' 342 

2,983 
448 
681 
196 

1,229 
354 

6,233 


99 

1,040 

144 

219 

65 

336 

92 

1,995 


426 


Philadelnhia 


4,459 


Reftrlinir , . . , r 


619 


Harrisbunr 


212.2 


875.7 


941 


Wilmington ...,., . r 


282 


Baltimore . - - 


223.1 

71.2 

1, 131. 8 


921.7 

292.9 

4, 669. 2 


1,447 


Waahinirtop , 


393 




8,567 


Suneroower zone 


4,854.0 


19, 264. 1 


5,602 


22, 870 


7,422 


30,712 







Figure 20 shows the distribution of load in the superpower zone for 1925 and 1930 and is 
comparable to figure 1 (p. 33), showing the distribution of the electric-utility load in 1919. 

Figure 21 shows the load in 1919 and 1930 for each center compared with that of New 
York, which has been taken at 100 per cent. This chart shows the decentralization that should 
occur between those years through the agency of a superpower system. The electrification 
of heavy-traction railroads and of isolated industrial plants will be effective in relieving the 
congestion of load at the larger centers. For 1919 only 20 load centers are designated for 
the electric-utility load; for 1925 and 1930 the number of centers is increased to 34. For these 
later years the heavy-traction railroad load is added to that of the electric utiUties, thus 
making it desirable and economical to tap the transmission system at a larger number of points. 
However, from the cost of substations given in Appendix H it is evident that it will not be 
economical to tap the transmission system for a load of less than 20,000 kilowatts. 
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PERCENT OF NEW YORK LOAD FOR 1319 AND 1930 
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FREQUENCY. 

The adoption of a standard frequency for the entire country would afford unquestionable 
advantages. The two frequencies 60 and 25 cycles have become well established throughout 
the superpower zone. Table 52 is a summary of the energy generated at different frequencies 
in each geographic division during 1919. 

Table 62,— Percentages of energy generated at different frequen(iesf(^ electric pvhlicutUiHeem theeuperpowerzonein 1919, 



Oeographic division. 



Eastern New England. 
Western New England 

Mohawk 

Metropolitan 

Hudson 

Anthracite 

Southern 



Demand 

(thousands 

of kilowatts). 



572. 82 
314. 13 
135.87 
1, 165. 00 
21.50 
185. 08 
600.69 



3, 055. 09 



Output 
(millions of 
kilowatt- 
hoars). 



1, 772. 41 
921. 99 
438. 16 

3, 866. 67 

60.48 

743.06 

2, 498. 36 



10, 301. 13 



Peroentam of output generated at 
different frequencies. 



2A cycles. 



19.8 
18.8 
8.4 
71.6 
.0 
30.2 
51.1 



. 47.0 



60 cycles. 



70.0 
73.3 
24.2 
27.8 
98.1 
66.9 
44.8 



46.2 



Other Are- 
quendes. 



10.2 
7.9 

67.4 

.6 

1.9 

2.9 

4.1 



6.8 



Table 53 shows the percentages of energy generated at different frequencies in the five 
most densely populated load centers in the superpower zone — Boston, New Yoik, Philadelphia, 
Baltimore; and Washington — and in the superpower zone exclusive of these five load centers. 

Table 53. — PercerUagee of energy generated at different frequ^neies at five principal load centers in superp<mer zone and 

in the remainder of the zone. 



Five principal load centers — 
Remainder of superpower zone. 



Demand 

(thousands of 

kilowatts). 



1, 782. 76 
1, 272. 33 



Output 

(millions of 

Idlowatt- 

houn). 



6, 102. 54 
4, 198. 59 



Percentage of output generated 
at difterent frequencies. 



25 
cycles. 



68.2 
16.2 



60 
cycles. 



28.0 
72.7 



Other fre- 
quencies. 



3.8 
11.1 



■ 

In New York City 84.6 per cent of the energy is generated at 25 cycles, in Baltimore 98.5 
per cent, and in Washington 99 per cent. In all other parts of the superpower zone the principal 
frequency used is 60 cycles. 

Table 54 shows the percentages of total capacity at different frequencies in the several 
geographic divisions of the superpower zone in 1919: 

Table b4.— -Percentages of total capacity at different freqv^mcies of steamrelectric and hydroelectric plants generating e2eo- 

tricityfor iLse by electric public utilities in the superpower zone in 1919, 



Geographic division. 



Eastern New England. 
Western New England 

Mohawk... 

Metropolitan 

Hudson 

Anthracite 

Southern 





Capacity 




Percentage of total capacity at 


(thousands of kilowatts). 


different frequencies. 


Steam- 


Hydro- 


Total. 


25 


60 


Other fre- 


electric. 


electric. 


cycles. 


cycles. 


quencies. 


815.7 


96.0 


911.7 


21.8 


67.7 


10.5 


369.4 


111.5 


481.0 


15.1 


77.3 


7.6 


58.3 


116.2 


174.4 


10.6 


29.1 


60.3 


1, 629. 8 


8.7 


1, 638. 5 


70.1 


27.9 


2.0 


26.8 


8.7 


35.5 





97.2 


2.8 


217.8 


5.1 


222.9 


25.4 


68.5 


6.1 


882.4 


105i3 


987.7 


53.7 


40.7 


5.6 


4,000.2 


451.5 


4,451. 7 


45.5 


46.8 


7.7 
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Of the power-plant capacity in the zone 89.9 per cent ia steam-electric and 10.1 per cent is 

hydroelectric. 

The electric street railways are by far the principal users of 25-cycle energy, because 25-cycle 

rotary converters were developed before the use of 60-cycle converters became practicable. 
Figure 22 shows the number of sales and the trend of sales of generating ecpiipment in the 

superpower zone between 1914 and 1919 for the two frequencies mentioned. Similarly figure 

23 shows the electric-utility output at the two frequencies for 1910 to 1919, inclusive. This 

figure indicates a decided trend toward 60 
cycles, both in generator sales and in electric- 
utility output. 

The generator, .motor equipment, and 
transformers for a 60-cycle installation cost, 
respectively, about 10, 25, and 35 per cent less 
than those for a 25-cycle installation. A 
300,000-kilowatt plant employing 60 cycles 
rather than 25 cycles would save in its genera- 
tor equipment and in motors and transformers 
connected to its distribution system about 
$7,000,000. Incandescent lamps f mnished with 
60-cycle energy are free from the flickering that 
is incident to lower frequencies. On the other 
hand, for a steel mill, where slow-speed motors 
are used, and for street railways, where the 
energy is converted into direct current, the 
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FiouBB 22.— Sales of as-cyole and M-cyde generatora in the superpower 

zone, 1914-1919. 



FiGUKK 23.~0utput of electric utilities In the super p ower xone, 1910- 

1919. 



lower frequency can still be used with advantage where a large investment has already been 
made in equipment. Although 25 cycles has been the frequency used for two of the largest 
railroad electrifications in the zone it is evident that the trend is toward 60 cycles and that this 
frequency will eventually predominate. These two frequencies will be interconnected by 
means of frequency changers as rapidly as economic conditions justify their use. 

For long-distance transmission there is a limit beyond which 60 cycles can not be used. 
A 60-cycle 220,000- volt line can be operated practically to a distance of 350 miles; lower fre- 
quencies may be necessary on longer lines. 

It is clear that the superpower zone will eventually have an extensive network of inter- 
connected transmission lines, and in order that this network may be established and operated 
at the least expense it is necessary to fix a standard frequency. The evidence assembled shows 
that this frequency should be 60 cycles. 
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ESTIMATED L.OAD GROWTH. 

Figure 24 shows graphically the past and estimated future load growth for the superpower 
zone for energy supplied to street railroads, electrified heavy-traction railroads, industries, and 
domestic consumers. This figure differs frc»m Plate IV, in Appendix B, by the inclusion of the 
heavy-traction railroad load. 

EFFECT OF DIVERSITY AND LOAD FACTOR. 

Investigation was made of the diversity existing on November 25, 1919, the day of apparent 
maximum load for the superpower zone. Seasonal diversity, which is greater than daily 
diversity, was not taken into account. 

There are three distinct diversities in the superpower zone — ^local diversity, or that which 
exists between the sum of the peaks of the individual electric public-utility companies as now 
operated and the peak that would be reached if they were interconnected at their respective 

load centers; regional diversity, or that 



32J0OO 
30P00 
28000 
2€0OO 
]g 24^00 
§22P00 




Industrial and d omestic use- 
Electric railways 



Electrified heavy-traction railroads — 



which exists between the sum of the peaks 
of the individual load centers -and the peak 
that would be reached in the entire super- 
power system if these load centers were inter- 
connected; and total diversity, or that which 
exists between the sum of the peaks of the 
individual public-utility companies as now 
operated and the peak that would be reached 
in the superpower system if there were com- 
plete interconnection throughout the super- 
power zone. 

The local diversity ranges from zero at 
Baltimore and Pottsville to 14.4 per cent at 
the New York load center. The compara- 
tively high local diversity shown for New 
York on November 25 suggested the further 
investigation of this load center, where ex- 
ceptional conditions exist. The following table shows the diversity that existed among the 
four largest utility companies in New York City on seven days in 1919 and three days in 1920: 

Table 55. — Dirersity ajnongjour utiiity companies in New York on certain days. 



FiouRB 24.— Past and estimated future growth In load for superpower 

zone, 1910-1930. 



Date. 



July 22, 1919 

July 23, 1919 

July 24, 1919 

Nov. 25, 1919 

Dec. 16,1919 

Dec. 17, 1919 

Dec. 18, 1919 

Dec. 14, 1920 

Dec. 15, 1920 

Dec. 16, 1920 



Total of 




nonoo- 


Coincident 


incident 


peak loads 


peak loads 


(thousands 


(thousands 


of kilo- 


of kilo- 


watts). 


watts). 




563.0 


511.1 


569.0 


523.0 


529.8 


508.6 


779.4 


695.0 


745.5 


688.5 


763.6 


725.1 


783.4 


741.0 


788.3 


728.1 


800.9 


739.4 


821. 9 


779.8 



Time of 
coincident 



9 a. m 

do. 

do. 

5p. m 

do. 

do. 

....do. 
....do. 

do. 

do. 



Diversity 
factor. 



1.10 
1.09 
1.04 
1.12 
1.08 
1.05 
1.06 
1.08 
1.08 
1.05 
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At certain load centers a large part of the local diversity has been absorbed through mter- 
connection. Utilization of local diversity is not necessarily an attribute of the superpower 
system. It can be accomplished, as now, by the interconnection of the present electric-utility 
plants. 

Regional diversity as applied to the superpower zone ia in general so small as to be of 
theoretical rather than practical value. Partial regional diversity between* the Anthracite 
division and the Metropolitan and Southern divisions is very marked and will become particu- 
larly evident with the growth of the Anthracite load by 1925 and 1930. In the Anthracite 
division the peak is controlled by the mining industry and occurs in the morning; there is a 
rapid falling off in load after 3 p. m. A combination of this load with the loads of the Metro- 
politan and Southern divisions will produce a great saving in power-plant cost over and above 
the cost of the transmission system necessary to effect the interconnection. 

Table 56 shows the local diversity at each load center, the regional diversity between load 
centers, and the total diversity in 1919. 

Table 56. — Diversity in superpower zone, 1919, 



Qeosraphlc dlTlsion and load center. 



Eastern New England: 

Boston 

Lowell 

Providence 

Worcester 

Western New England: 

Hartford 

New Haven 

Northampton 

Mohawk: 

Utica 

Albany 

Metropolitan: 

New York 

Newark 

Hudson: 

Poughkeepsie 

Anthracite: 

PottsviUe 

Allentown 

Wilkes-Barre 

Southern: 

Trenton 

Hajrrisbiiig 

Philadelpnia 

Baltimore 

Washington 



Noncoinddent 
peak loads of 
utility com- 
panies (thou- 
sands of kilo- 
watts). 



Peak at load 

center if 
utility plants 

bad been 

interconnected 

(thousands of 

kilowatts). 



Local diver- 
sity factor. 



208.48 
34.53 

132. 10 
91.25 

52.38 

105. 96 

66.22 

22.83 
87.70 

863.78 
155.18 

1L96 

8.00 
96.35 
50.01 

5.15 

5L84 

297.24 

118. 78 

55.20 



Superpower zone 2,514.94 



190.64 
32.27 

121.07 
85.51 

49.93 
98.85 
66.04 

22.34 
85.20 

755.25 
154.03 

11.50 

8.00 
95.26 
45.85 

4.90 

51.03 

286.72 

118. 78 

54.22 



2, 337. 39 



1.09 
1.07 
1.09 
1.07 

L05 
L07 
1.00 

L02 
1.03 

1.14 
1.01 

1.04 

1.00 
1.01 
1.09 

1.05 
1.02 
1.04 
1.00 
1.02 



Demand at 

load centers 

at time of 

superpower- 

xonepeak 

(thousands of 

kilowatts). 



190.64 
24.76 

121.07 
85.51 

49.93 

98.85 
66.04 

19.76 
85.20 

755. 25 
154.03 

10.37 

6.75 
73.90 
44.89 

3.99 

51.03 

286.72 

118. 10 

52.96 



2, 299. 75 



Reglanal 

diversity 

(actor. 



1.02 



Total 

diversity 

factor. 



1.09 



In this report diversity has been used only as an aid to determine the capacity that would 
have been required for a superpower system in 1919. The estimated capacity requked for 1925 
and 1930 is arrived at through a study of the trend of load factor for each of the individual 
load centers. 
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Figure 26 shows the trend of load factor in each geographic diriaion of the superpower 



zone during the period 1910 to 1919, inclusive. 



FmitM IS.— Tiend otloadtacki'tcrnii 
Inclusive o[ dectiUed tisBV7-trw:tlon 
elaolilc uCUltlM uia itmt nllnwli. 



The curve for the zone aa a whole is extended 
to indicate estimated load factor on utility 
systems in 1930 (curve B). The steady im- 
provement in load factor shown by these curves 
is due to three causes — interconnection of utility 
plants, increase of off-peak load, and growth ol 
induatiial demand. The greatest improvement 
in load factor is realized where the ratio of 
industrial load to lighting load is high. Where 
the industrial load is small compared with .the 
lighting load, as in New York City, there is httle 
opportunity for improvement in load factor. 

The effect of the war in increasing the load 
factor in 1917 and 1918 by introducing overtime 
and night work in many of the industries is very 
apparent. In extending the curves to indicate 
future improvement in load factor this ahnoF- 
mai increase has been discounted. 

Curve A in this figure shows the load fac- 
tor assumed for superpower operation. This 
curve is determined by adding the heavy- 
traction railroad load to that of the street rail- 
roads and electric utiHties, represented by curve 
B. With the expected growth of industrial and 
heavy-traction loads it would seem that the 
estimated load factor of 47 per cent for the en- 
tire superpower zone in 1930 is conservative. 



PHT8ICAI. DATA. 
PRODTTOnON FACIUTIBB. 



Table 60, giving the total power-plant capacity and output for the superpower system for 
1919, 1925, and 1930, shows the following division of this capacity and output between steam- 
electric plants and hydroelectric plants: 

Table 57. — Capacity and tnapvi of tuam^Uetric tmd hydroeleetrie pUmti, 1919, 19X5, and 1930, in ptremlaget. 



Y«t 




Hfilraalactilc. 


0>p>dt7. 


Outpat. 


OipMitr. 


Output. 




81.8 
83.6 
81.5 


78.2 
81.fi 
79.2 


18.2 
16.5 
18.5 








1930 


20.8 







The division of capacity and output between n 
retained for the superpower system is as follows: 



7 power plants and present power planta 
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Table 58. — Capacity and output of new and retained plant$y in percentage$. 



r 


New plants. 


Existing plants retained. 


Year. 


(SqjMttity. 


Ontput. 


Annual 

capacity 

foctor. 


Capacity. 


Output. 


Annual 

c^Mudty 

factor. 


1919 


44.8 
49.8 
61.4 


69.0 
74.0 
82.1 


63.0 
64.6 
60.3 


55.2 
50.2 
38.6 


31.0 
26.0 
17.9 


22.7 


1925 


22.8 


1930 .'... 


20.2 







The higher efficiency under the superpower system is largely attained by operating the new 
power plants at high annual capacity factors and by using the older plants to carry peak load 
at low annual capacity factors. ' 

Table 59. — Weighted average capacity of the power plants of the superpower system, in hUotoatts, 



Hydroelectric plants retained 
Steamn^ectric plants retained. 



Weighted average of old plants retained. 



New hydroelectric plants 

New steam-electric plants 

Weighted average of new plants. 
Weighted av^^e of all plants 



1925 



2,860 
44,600 



14,300 



36,100 
180,000 



103,200 



25,100 



1990 



2,860 
44,600 



14,300 



30,000 
218,000 



94,000 



29,900 



The average capacity of the steam-electric plants in operation in the electric utilities in 
1919 was 10,000 kilowatts, and the average capacity of the steam-electric plants retained is 
44,600 kilowatts, a gain made by eliminating the smaller and less efficient plants. The program 
of construction for new steam-electric plants shows an average capacity of plant in 1930 of 
more than twenty times that of the steam-electric plants serving electric public utilities in 1919. 

Tablb 60. — Power-plant capacity for the superpower system, 1919, 1925, and 1930, 



Qeographic division. 


Plant 

capacity 

(thousands 

ofkUo- 

watts). 


Peak 

damand. 

(thousands 

oflrflo- 

watts). 


Plant 
rascrvB 
(thousands 
of kilo- 
watts). 


Output 

(mllUons 

ofkflo- 

watt- 

hoors). 


factor 

(per 

cent). 


lam. 

Eastern New England: 

Present steam-electric plants . ... 


514.6 
360.0 






516.0 
2, 366. 


11 5 


New steam-electric plants 






75 












874.6 






2, 882. 


37.6 










Present hydroelectric plants , . 


96.0 






269.0 


32 


New hydroelectric plants 






















96.0 






269.0 


32.0 










All plants 


970.6 


842.7 


127.8 


3, 151. 


37 






Western New England: 

Present steam-electric plants 


171.8 
270.0 






77.0 
1, 091. 


5 1 


New steam-electric plants. 






v. X 

46 










• 


441.8 






1, 168. 


30.1 










Present hydroelectric plants . . . . . . 


111.5 
50.0 






340.0 
230.0 


34 8 


New hydroelectric plants 






O «. \J 

52 5 












161.5 






570.0 


40 3 










All plants 


603.3 


468.4 


134.6 


1, 738. 


.^2 ft 
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Tablb 60. — Power-plant capacity for t^e superpovoer system^ 1919, 1925 j and 19S0 — Continued. 



Geographic division. 


Plant 
capacity 
(thousands 
of kilo- 
watts). 


Peak 

demand 

(thousands 

ofkUo- 

watts). 


Plant / 
reserve 
(thousands 
of kilo- 
watts). 


Output 

(milflons 

ofkflo- 

watt- 

bours). 


factor 

(per 

cent). 


1919— Continued. 
Mohawk-Hudson: 

Preflen t fltemnn-eleotric plants ,..,.... ^ ..... 


46.7 
180.0 






20.0 
605.0 


5.0 


New steam-electiic plants 






38.3 












225.7 






625.0 


31.6 










Present hydroelectric plants 


124.9 
100.0 






361.0 
380.0 


32.9 


New hydroelectric plants 






43.3 












224.9 






741.0 


37.6 










All plants 


450.6 


321.7 


129.3 


1, 366. 


34.5 






Metropolitan: 

Present steam-electric plants 


1, 130. 5 
a 240.0 






2,960.0 
& 2,088.0 


30.0 


New steam-electric plaiits 






51.3 












1, 370. 5 






5, 048. 


33.5 










Present hydroelectric plants 


8.7 
183.0 






22.0 
850.0 


28.8 


New hydroelectric plants 






63.0 












191.7 






872.0 


52.0 










All plants a .... . 


1, 562. 2 


1, 436. 


(^) 


5, 920. 


36.8 






Anthracite: 

Present steam-electric plants 


159.5 
<f 450.0 






637.0 
« 1,950.0 


38.4 


New steam-electric plants 






75.0 












609.5 






2, 487. 


65.5 










Present hydroelectric plants 


5.1 






16.0 


35.9 


New hydroelectric plants 






















5.1 






16.0 


36.9 










All plants . 


614.6 


653.4 


(') 


2,503.0 


65.3 






Southern: 

Present steam-electric plants 


654.5 
450.0 






579.0 
2, 923. 


10.1 


New steam-electric plants . 






74.2 












1, 104. 5 






3, 502. 


36.2 










Present hydroelectric plants 


105. 3 
245.0 






542.0 
1, 434. 


58.8 


New hydroelectric plants 






66.8 












360.3 






1, 976. 


64.3 


t 








All plants 


1,454.8 


1, 131. 8 


(') 


5, 478. 


42.9 






Superpower zone: 

Present steftm-electric plants .... 


2, 676. 6 
1, 950. 






4, 689. 
11, 023. 


20.0 


New steam-electric plants 






64.6 












4, 626. 6 






15, 712. 


38.8 










Present hydroelectric plants 


451.5 
578.0 






1,550.0 
2, 894. 


39.2 


New hydroelectric plants 






57.0 












1, 029. 5 






4,444.0 


49.3 










All plants 


5, 656. 1 


4, 854. 


802.5 


20, 156. 


40.5 







' 



• Does not include the portion of the Pittston plant capacity (^largeable to the Metropolitan division. 

5 Includes a portion of the output from the Pittston plant. 

« Joint reserve for Metropolitan, Anthracite, and Southern divisions, 1919, is 410,800 kilowatts. 

d Includes the total Pittston plant capacity. 

« Ts not the totiU output of the Pittston plant. 



PBBFOBMAKCB AKD COST OF SUPEBPOWEB SYSTEM. 



159 



Table 60. — Power-plant ca'padtyfor the superpotoer syHemy 1919y 1995, and 19S0 — Continued. 



Geographic dirlsian. 


Plant 
capacity 
(thousands 
of kilo- 
watts). 


Peak 
demand 
(thousands 
of kilo- 
watts). 


Plant 

reserve 

(thousands 

o/kUo- 

watts). 


Output 
(millions 
of kilo- 
watt- 
hours). 


factor 

(per 

cent). 


1»10— Continued. 

Superpower zone — Continued. 

Present plants retained 


3, 128. 1 

2, 528. 

81.8 

18.2 




• 


6, 239. 

13, 917. 

78.2 

21.8 


22.7 


New plants proposed 






62.9 


Steam-electric per cent of total . . 








Hydroelectric do 






• 










IfKSC 

Eastern New England : 

Present steam-electric plants 


514.6 
460.0 






516.0 
2, 811. 


11.5 


New steam-electric pbmts 






71.2 












964.6 






3, 327. 


39.4 


. 








Present hydroelectric plants 


96.0 






269.0 


32.0 


New hydroelectric plants 






















96.0 






269.0 


32.0 


• 








All plants. , , T . , w - - r T - 


1, 060. 6 


918.0 


142.5 


3, 596. 


38.7 






Western New England : 

Pre«e"t HtwuTi-electrio plants r . 


171.8 
300.0 






77.0 
1, 223. 


5.1 


New steam-electric plants 






46.5 










• 


471.8 






1, 300. 


31.4 










Plresent hydroelectric plants 


111.5 
50.0 






340.0 
230.0 


34.8 


New hydroelectric plants 






52.5 












161.5 






570.0 


40.3 












633.3 


513.0 


120.0 


1, 870. 


33.7 






Mohawk-Hudson: 

Present steam-electric plants .......-.--.., ,,-,-,,--,,.. 


45.7 
240.0 






20.0 
1, 039. 


5.0 


New steam-electric plants 






49.5 












285.7 






1, 059. 


49.5 










Present hydroelectric plants 


124.9 
100.0 






361.0 
380.0 


32.9 


New hydroelectric plants 






43.3 












224.9 






741.0 


37.6 


, 








All plants 


510.6 


415.0 


96.0 


1,800.0 


40.2 






Metropolitan: 

Present steam-electric plants 


1, 130. 5 
o 390.0 






2, 960. 
& 3,508.0 


30.0 


New steam-electric plants 






67.0 












1, 520. 5 






6, 468. 


39.4 










Present hydroelectric plants 


8.7 
183.0 






22.0 
850.0 


28.8 


New hydroelectric plants 






53.0 










■ 


191.7 






872.0 


52.0 












1, 712. 2 


1, 730. 


(«) 


7, 340. 


40.8 


Anthracite: 

Present steam-electnc plants 


159. 5 
d 450.0 






537.0 
«1, 735. 


38.4 


New steam-electric plants 






75.0 












609.5 






2, 272. 


65.5 











a Does not include the portion of the Plttston plant capadtj chargeable to the Metropolitan division. 

b Includes a portion of the output from the Pittston plant. 

e Joint reserve for Metropolitan, Anthracite, and Southern divisions, 1925, is 2S5.000 kilowatts. 

d Includes the total Pittston plant capacity. 

« Is not the total output of the Pittston plant. 
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Tablb 60. — Potoer-plant eapaeUyfor the superpower system, 1919, 1925, and 1930 — Continued. 



Qeographic division. 


Plant 
capacity 
(tbousanda 
of kilo- 
watts). 


Peak 

demand 

(thousands 

ofkUo- 

watts). 


Plant 

reserve 

(thousands 

ofkllo- 

watts). 


Output 

(milUons 

ofkflo- 

watt- 

hours). 


Capao- 

fbctor 

(p«r 
cent). 


ItM — Continued . 
Anthracite— Continued. 

Ppwwnt hydroel«ctrio plants 


5.1 






16.0 


35.9 


New hydroelectric pliuits 






















5.1 






16.0 


35.9 


• 


......... 






All plantfl 


614.6 


549.0 


(») 


2, 288. 


65.3 






Southern: 

Pppflent iiteani-*l«rtric plants 


654.5 
690.0 






579.0 
4,365.0 


10. 1 


New Bteam-ftlectric p^anti*. . ^ . 






72.2 












1,344.5 






4,944.0 


42.0 










Preflent hydmelertric plants 


105.3 
245.0 






542.0 
1, 434. 


58.8 


New hydroelectric plants 






66.8 












350.0 






1, 976. 


64.3 










All niantfl 


1, 694. 8 


1,477.0 


(») 


6, 920. 


46.7 






Superpower zone: 

Prpflput flt,eani-electric plantfl 


2, 676. 6 
2, 520. 






4, 689. 
14,681.0 


20.0 


New Bteam-electric plants. , . . . 






66.4 












5, 196. 6 


1 




19, 370. 


42.5 






1 




Pp^wpnt hvdroplertric plants ... . 


451.5 
578.0 






1,550.0 
2, 894. 


39.2 


New hydroelectric plants ..,,,,..,.,. t 






57.0 










1 


1, 029. 5 






4, 444. 


49.3 










All plants 


6, 226. 1 


5,602.0 


624.5 , 


23, 814. 


43.7 


IVesent plants retained 

New plants proposed 


3, 128. 1 

3, 098. 

83.5 

16.5 




1 


6, 239. 

17, 575. 

81.5 

18.5 


22.8 






64.6 


Rteam-electric . . p*^** rent of totAl . . 








Hydroelectric do 














Eastern New England: 

Pppsent Bteani-«^l<K?tric plants , -,.,-,-- 


514.6 
810.0 






528.0 
4, 148. 


11.7 


New steam-elertrir plan tit ,.,.,. 






58.3 












1, 324. 6 






4, 676. 


40.3 










Present hydroele<*tric plants 


96.0 






269.0 


32.0 


New hydroelectric plants ,.- . . - - 














1 






96.0 




_ 


269.0 


32.0 










All plants ,.-,-.-, 


1,420.6 


124.3 


177.5 


4,945.0 


39.6 






Western New England: 

Prwient Bt4*am-electric plants ................ 


171.8 
390.0 






77.0 
1, 237. 


5.1 


New steam-electric plants 






36.2 












561.8 






1, 314. 


26.7 










Present hydroelectric plants 


111.5 
165.0 






340.0 
760.0 


34.8 


New hydroelectric plants 






52.5 










• 


276.5 






1, 100. 


45.3 









A 11 plants 


838.3 


652.0 


186.0 


2, 414. 


32.8 


Mohawk-Hudson : 

PrpflpTit steam -electric plants - 


45.7 
360.0 






20.0 
1, 312. 


5.0 


X«*iir frt«>ftm..«>1tf^ctric plantB n.n., ^T 






41.5 












405.7 






1, 332. 


37.4 











• Jcint reserve for Metropolitan, Anthrscite, and Southern divisions, 1925, is 265,000 kilowatts. 
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Tablb 60.— Poii«r-plont capadJbyfor the superpower gyetem, 1919, 1925, and 1950— Continued. 



Q«ographic division. 


Plant 
capacity 
(thousands 
of kilo- 
watts). 


Peak 
demand 
(thousands 
of kilo- 
watts). 


Plant 
reserve 
(thousands 
of kilo- 
watts). 


Output 

(millions 

ofkik>- 

watt- 

hours). 


Capac- 

factor 

(per 

cent). 


ltS9 — Continued . 

Moliawk-Hudson — Continued . 

Piresent hydroelectric plants 


124.9 
150.0 






341.0 
900.0 


31.1 


New hvdroelectric nlants 






68.3 












274.9 






1,241.0 


51.7 










All plants , 


680.6 


591.0 


90.0 


2, 573. 


43.0 






Metropolitan: 

Prf^sent steam-electric plants 


1, 130. 5 
O750.0 






2, 276. 
& 5, 812.0 


23.0 


Naw flteam-electric Plants 






67.5 












1,880.5 






8, 088. 


40.7 










Pnwent hydroelectric plants 


8.7 
350.0 






22.0 
1, 240. 


28.8 


New hvdroelectric plants 






40.5 












358.7 






1, 262. 


40.2 


■ 








AH plants 


2, 239. 2 


2, 156. 


(«) 


9, 350. 


40.6 






Anthracite: 

Present steam-electric plants. ... , t , r , 


159.5 
rf 600.0 






537. 0. 
02,571.0 


51.0 


New steam-electric plants 






75.0 












759. 5 






3, 108. 


67.3 










Present hydroe-ectric plants 


5.1 






. 16.0 


35.9 


New hydroelectric plants 






















5.1 






16.0 


35.9 










All plants , 


764.6 


785.0 


(«) 


3. 124. 


67.1 






Southern: 

Present steam-electric plants . 


654.5 
1, 020. 






579.0 
6, 219. 


10.1 


New steam-electric plants 






69.5 












1, 674. 5 






6, 798. 


46.2 










Ptesent hydroelectric plants 


105.3 
385.0 






542.0 
2, 180. 


58.8 


New hydroelectric plants .... 






64,5 












490.3 






2, 722. 


63.4 










All plants . . . 


2, 164. 8 


1, 995. 


.(') 


9, 520. 


50,0 






Superpower sEone: 

Present steam-electric plants 


2, 676. 6 

3, 930. 






4,017.0 
21, 299. 


17.1 


New steam-electric plants. . . , - - 






61.8 












6,606.0 






25, 316. 


43.7 










Present hydroelectric plants . . , , . , 


451.5 
1, 050. 






1, 530. 
5, 080. 


38.6 


New hydroelectric plants 






55.2 












1, 501. 5 






6, 610. 


50.3 










All plants 


8, 108. 1 


7, 422. 


676.5 


31. 926. 


45.0 






Present plans retained 


3, 128. 1 

4, 980. 

81.5 

18.5 






5,547.0 

26,379.0 

79.2 

20.8 


20.2 


New plant<A proposed . . , . 






60.3 


Steam-electric per cent of total. . 








Hydroelectric do 






* 









a Does not Include the portion of the Pittston plant capacity chargeable to the Metropolitan division, 

b Includes a portion of the output from the Pittston plant. 

e Joint reserve for Metropolitan, Anthracite, and Southern divisions 1030. is 233,000 kilowatts. 

4 Includes the total Pittston plant capacity. 

<Is not the total output of the Pittston plant. 
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TRANSMISSION UNES. 

Table 61 gives the mileage of the transmission lines required for the superpower system 
for 1919, 1925, and 1930. 

Plates II and III (p. 14) show the proposed transmission lines for 1925 and 1930, 
respectively, and Plate III shows in addition proposed lines from the St. Lawrence and Niagara 
for 1932. These plates also show the approximate location for proposed new steam-electric 
and hydroelectric plants. 

Reliable service is insured by the interconnecting network, as each principal load cent^* 
is served by eight incoming lines, four from each direction, and a few favorably located load 
centers have even more. 

Table 61. — Transmission lines for superpower zone in 1919, 1995, and 19S0, in miles. 



Year and geographic divislaii. 



1919. 

Eastern New England 

Western New England 

Mohawk-Hudson 

Metropolitan 

Anthracite 

Southern 

. Superpower zone 

1925. 

Eastern New England 

Western New England 

Mohawk-Hudson 

Metropolitan 

Anthracite 

Southern 

Superpower zone 

1930. 

Eastern New England 

"Western New England 

Mohawk-Hudson 

Metropolitan 

Antluucite 

Southern 

Superpower zone 



220,000-Tolt. 



Route. 







102 
35 

123 



260 







102 
35 

123 



260 







102 
35 

123 



260 



Tower. 







204 
70 

246 



620 







204 
70 

246 



520 







204 
70 

246 



520 



Circuit. 







408 
70 

492 



UO,000-volt. 



Route. 



207 
264 
237 
283 
59 
314 



970 







408 
70 

492 



970 







408 
70 

492 



970 



1, 364 



262 
264 
237 
283 
70 
314 



1.430 



262 
421 
262 
302 
70 
334 



1,651 



Tower. 



207 
415 
317 
393 
111 
463 



1,806 



262 
315 
317 
393 
133 
463 



1,883 



262 
601 
418 
444 
140 
483 



2,348 



Circuit. 



414 
630 
634 
786 
222 
926 



3,612 



524 
630 
634 
786 
266 
926 



3,766 



524 
1,202 
a36 
888 
280 
966 



4,696 



PERFORMANCE AND COST OF SUPERPOWER SYSTEM. 



163 



SUBSTATIONS. 

In Table 62 the transformer capacity does not include that installed in base-load steam- 
electric plants, and the synchronous-condenser capacity does not include the condenser effect 
of generators used as such, or of motor generator sets in the heavy-traction railroad substations. 

Table 62. — Substation capacity for the superpower system in 7979, 1925, and 19S0, in thousands of hUovoli-amperes. 



Geographic division. 



Eastern New England... 
Western New England.. 

Mohawk-Hudson 

Metropolitan 

Anthracite 

Southern 



1919. 



Transformer!*. 



220,000- 

volt 
piimary. 



Superpower zone, 



Eastern New England. 
Western New England. 

Mohawk-Hudson 

Metropolitan 

Anthracite 

Southern 



1925. 









800 

125 

200 



110,000- 

volt 
primary. 



Synchro- 
noas con- 
densers. 



1,125 



Superpower zone. 



Eastern New England. 
Western New England. 

Mohawk-Hudson 

Metropolitan 

Anthracite 

Southern 



1930. 



Superpower zone. 







850 
50 

300 



325 
125 
300 
483 
425 
495 



150 
105 

45 
135 

90 
165 



2, 153 



475 
375 
350 
633 
500 
595 



1,200 









1,050 

75 

325 



1, 450 



2, 928 



550 
590 
475 
935 
675 
935 



4,160 



690 



Frequency 
changers. 





30 






30 



150 
105 

45 
135 

90 
165 



690 



180 
135 
60 
180 
150 
195 



900 





30 






30 





60 






60 



FUEL. REQUIREMENT. 

Table 66 gives the fuel requirement "for the superpower system for 1919, 1925, and 1930. 
The estimated fuel saving by the superpower system to the electric public utihties is as 
follows: 

Table 63. — Fuel saving by superpower system to electric public utilities. 



1919 



1925 



CJoal that would be required at 1919 fuel rate for electric power produced by 

steam short tons. . 

Coal required for superpower operation do 



Annual saving by superpower operation do, 

Average cost per ton of coal delivered to superpower system 

Value of fuel saving 



24, 600, 000 I 29, 600, 000 
14, 103, 000 16, 591, 000 



1930 



39, 700, 000 
20, 551, 000 



10,497.000 13,001,000 

$4.37 I $5.25 

$45,872,000 $68,200,000 



19, 149, 000 

$5.25 

$100, 500, 000 



For independent operation the production of power by water has been taken at 2,100,000,000 
kilowatt-hours for 1925 and 2,800,000,000 kilowatt-hours for 1930. These figures are based on 
growth of water power for the electric utilities indicated by data collected by the United States 
Bureau of the Census. 

If in 1930 the superpower system were supplied with energy produced entirely from coal 
with the exception of that from existing hydroelectric plants the coal required would amount to 
23,184,100 short tons, and the fuel saving would be 2,633,100 tons less than that eflFected by the 
proposed arrangement of superpower facilities for 1930. 
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Table 64. — Fuel rate for superpower operation and raJU under independent operation in 1919, in pounds of coal per HlovHitt' 

hour generated. 

1930 



Superpower operation: 

New steam-electric plants 

Retained steam-electric plants 

Weighted average, steam-electric plants 

Independent operation (1919 performance of electric utilities) 



1919 


1925 


1.47 
2.54 


1.46 
2.54 


1.80 
2.73 


1.71 
2.73 



1.43 
2.64 

1.62 
2.73 



The average cost of fuel delivered to the new base-load steam-electric plants is lower than 
that for existing steam-electric plants because of the advantageous locations that can be selected 
for the new plants. (See Appendix F.) This difference is particularly marked in the com- 
parison of the unit fuel cost for the electric utilities for 1919 (see p. 48) and that of the 
hypothetical superpower system for 1919, for which the cost of coal at the mine and the railroad 
freight rate have been assumed to be the same, the resulting cost to the utiUties being $5.35 
per short ton, whereas that to the superpower system is $4.37 per ton. For the same reason, 
despite the higher freight rates charged against coal to the superpower system for 1925 and 1930, 
the resulting unit cost to the superpower system is less than that to the electric utilities for 1919. 

By the use of St. Lawrence power to the extent of 600,000 kilowatts at a load factor of 80 
per cent in the Eastern New England, Western New England, and Mohawk-Hudson divisions in 
1932 the annual coal requirement will be 2,234,000 tons less than the quantity which would be 
used were this amount of power generated by new steam-electric plants. By the use of Niagara 
power to the extent of 300,000 kilowatts at a load factor of 80 per cent in the Metropolitan 
division in 1932 the annual coal requirement will be 1,204,000 tons less than the quantity which 
would be used were this amount of power generated by new steam-electric plants. 

Table 65. — Fuel requirements for superpower system for 1919, 1925, and 1930, 



Geographic division. 


Coal per 

kilowatt-y«ar 

of capacity 

(short tons). 


Total quantity 

of coal per year 

(thousands of 

short tons). 


Cost per short 
ton delivered. 


Total annual 
cost. 


Coal per 

kilowatt-hour 

(iMNmds). 


1919. 

Eastern New England: 

Present plants 


1.31 
3.92 


673.2 
1, 412. 


$6.16 
6.10 


$4, 132, 000 
8, 620, 000 


2.61 


New plants .* 


1.20 








2.39 


2, 085. 2 


6.11 


12, 752, 000 


1.44 


Western New England: 

Present plants 


.84 
2.70 


144.8 
729.0 


5.88 
5.67 


851,000 
4, 130, 000 


3.76 


New plants 


1.33 








1.97 


873.8 


5.70 


4, 981, 000 


1.50 


Mohawk-Hudson : 

Present plants ^ . . . ^ . 


1.12 
2.28 


61.2 
410.0 


5.32 
5.32 


272,000 
2, 180, 000 


6.12 


New plants 


1.36 








2.04 


461.2 


5.32 


2, 452, 000 


1.47 


Metropolitan: 

Present plants 


2.80 
2.99 


3,170 
o 1, 625 


5.22 
5.22 


16, 550, 000 
5, 878, 000 


2.14 


New plants, . . r 


1.33 








2.84 


4,795 


5.22 


22, 428, 000 


1.93 


Anthracite: 

Present plants 


6.80 
5.92 


1,085 
a 1, 759. 


2.53 
2.35 


2, 752, 000 
4, 135, 000 


4.04 


New plants 


1.80 








6.17 


2, 844. 


2.41 


6, 887, 000 


2.15 



a Includes a portion of the coal burned in the Pittston plant. 
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Table 65. — Fuel requirements for superpower system far 1919 , 1925, and 1930 — Continued. 



Oeographic diTlsion. 


Coal per 

kllowati-year 

of capacity 

(shorf tons). 


Total quantity 

of coal per year 

(thousands of 

short tons). 


Cost per short 
ton delivered. 


Total annual 
cost. 


Coal per 

kilowatt-hour 

(pounds). 


1W9 — Continued. 
Southern: 

Present nlants 


1.29 
4.88 


845.8 
2, 198. 


$5.05 
3.66 


|4, 270, 000 
8, 045, 000 


2 93 


New plants 


1 50 








2.76 


3. 043. 8 


4.05 


12, 315, 000 


1.73 


Superpower s&one: 

Present nlants. 


2.23 
4.16 


5, 969. 8 
8, 133. 


4.84 
4.06 


28, 827, 000 
32, 988, 000 


2 54 


New Dlants ^.,_,..,.^.. 


1 47 






« 


3.05 


14, 102. 8 


4.37 


61, 815, 000 


1.80 


1925. 

EaHtem New England: 

Present nlants. -x ,-» 


1.29 
3.74 


• 

665.3 
1, 679. 


7.40 
7.42 


4, 928, 300 
12, 435, 000 


2 58 


New nlants 


1 19 






• 


2.44 


A} o44. o 


7.40 


17, 363, 300 


1.41 


Western New England: 

Present plants 


.84 
2.72 


144.8 
816.0 


7.10 
6.86 


1,028,900 
5,600,000 


3 76 


New plants 


1 33 








2.04 


960.8 


6.90 


6, 628, 900 


1.48 


Mohawk-Hudson: 

Present plants 


1.12 
2.88 


51.2 
692.0 


6.33 
6.33 


324,000 
4,380,000 


5 14 


New plants i-,.,, 


1 33 








2.60 


743.2 


6.33 


4, 704, 000 


1.40 


Metropolitan: 

Present plants 


2.80 
3.84 


3, 170. 
2,598.0 


6.25 
6.25 


19, 800, 000 
12, 190, 000 


2 14 


New planta. .,.-- --r . ^ . ■. ,, 


1 32 








3.06 


5, 768. 


6.25 


31, 990, 000 


1.68 


Anthracite: 

Present plants. .-,■,- --» .r 


6.80 
5.92 


1, 085. 
01,565.0 


2.81 
2.57 


3, 046, 000 
4, 025, 000 


4 04 


New plants 


1 80 








6.17 


2, 650. 


2.65 


7, 071, 000 


2.15 


Southern: 

Present plants 


1.29 
4.75 


845.8 
3, 279. 


5.89 
4.42 


4, 979, 000 
14, 480, 000 


2.93 


New plants 


1.50 








3.06 


4, 124. 8 


4.72 


19, 459, 000 


1.67 


Sui>erpower zone: 

Present plants 


2.23 
4.23 


5, 962. 1 
10, 629. 


5.72 
5.00 


34, 106, 200 
53, 110, 000 


2 54 


New plants 


1 45 








3.20 


16, 591. 1 


5.25 


87, 216, 200 


1.71 


1986. 

Eastern New England: 

Present plants 


1.30 
3.10 


673.2 
2, 512. 


7.43 
7.42 


4, 995, 000 
18, 610, 000 


2.55 


New plants 


1.21 








2.41 


3, 185. 2 


7.42 


23, 605, 000 


1.37 


Western New England: 

Present plants 


.84 
2.17 


144.8 
846.0 


7.10 

6.87 


1, 029, 000 
5, 810, 000 


3 76 


New plants 


1 37 








1.76 


990.8 


6.90 


6, 839, 000 


1.51 



a Includes a portion df the coal burned in the Pittston plant. 
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Tablb 65. — Fuel requirements for superpower system for 1919^ 19t6t ond 19S0 — Contmued. 



Geographic division. 


Coal per 

kilowatt-rear 

of capacity 

(short tons). 


Total quantity 

of coal per year 

(thousands of 

short tons). 


Cost per short 
ton delivered. 


Total annual 
cost. 


Coal per 

kilowatC-hoar 

(pounds). 

ft 


IM)— Continued. 
Mohawk-Hudson: 

Plresent plants 


1.12 
2.47 


51.2 
888.0 


$6.33 
6.33 


1324,000 
5, 620, 000 


5 14 


New plants ........ r ... . 


1 35 








2.31 


939.2 


6.33 


5,944,000 


1.41 


Metropolitan: 

Present plants 


2.23 
3.86 


2, 522. 
4,131.0 


6.25 
6.25 


15, 763, 000 
21, 300, 000 


2 22 


New plants 


1 31 








2.88 


6,653. 


6.25 


'37,063,000 


1 61 


Anthracite: 

Present plants 


6.80 
5.92 


1, 85.0 
« 2, 316.0 


2.81 
2.57 


3,046,000 
5, 948, 000 


4.04 


New plants 


1 80 








6.10 


3, 401. 


2.63 


8,994,000 


2.07 


Southern: 

Present plants 


1.29 
4.44 


845.8 
4, 536. 


• 

5.89 
4.57 


4, 979, 000 
20, 670, 000 


2 93 


New plants 


1 46 








3.21 


5, 381. 8 


4.77 25,649.000 


1.59 


Superpower zone: 

Present plants 


1.98 
3.88 


5, 322. 
15, 229. 


5.67 
5.11 


30, 136, 000 
77,958,000 


2.64 


New plants 


1 43 








3.11 


20, 551. 


5.25 


108,094,000 


1.62 



a Includes a portion of the coal burned in the Pittston plant. 

INVESTMENT COST. 

The total investment cost for the facilities of the superpower system for 1919, 1925, and 
1930 is given in Table 68. The unit cost is shown below; the figures for the retained plants 
represent reproduction cost in midyear of 1919. 

Tablb 66. — Unit investment cost of superpower system per hUoTrntt of installed plant capacity. 



■ 


1919 


1925 


1930 


New Bteam-c^lectric plwits ... 


$112. 00 
151.90 


$110. 60 
151.90 


$109.50 


New hydroelectric plftnts . r 


151.30 






Averasre. new plants 


121. 10 


118.40 


118. 25 






Retained eteam-electric p^ai^trS ^ 


123.00 
193. 60 


123.00 
193.60 


123.00 


RetrAiT^ed hvdr<^lectric plants. ......... , 


193.60 






A veraire. retained pl<*-Tits- ^ ,-.,,. , . ,,,-,., . , 


133.00 


133.00 


133.00 






A veraflre. all plants ^ . . . 


127.80 


125. 80 


125.00 







The greater unit cost of the plants retained is the result of their smaller individual 
capacity. The new hydroelectric plants for the superpower system are to be located only at 
the most economical sites and constructed largely to carry peak loads, and therefore they show 
a lower unit investment cost. 



PEBFORMANCE AICD COST Ot SUPERPOWEB SYSTEMT. 
Table 67. — Unit investment cost per hilovxut of demand for all facilities of superpower system. 
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Power plants 

TransmisBion system. 



1910 



$149. 00 
16.00 



165. 00 



1825 



$140.00 
15.40 



155.40 



1090 



$136. 80 
14.05 



150.85 



The reproduction cost of the power plants of the electric utilities in 1919 was $598,277,000, 
or $196 per kilowatt of demand. 

The new money required for the superpower project is $453,143,000 by 1925 and $693,218,000 
by 1930, thus making it necessary to raise about $90,600,000 annually for the first five years 
and $48,000,000 annually for the succeeding five-year period. The early installation of the 
transmission network is responsible for the higher annual requirement for the first five years. 
This expenditure, however, is justified by the saving that will result through interconnection. 

If the increase in demand to 1930 were provided for by independent systems such as were 
in existence in 1919, a total of about $856,000,000 would have to be expended, requiring financing 
to the extent of about $85,600,000 annually. Accordingly, the construction of the superpower 
system should be accomplished with a saving in investment cost of about $163,000,000 during 
the next 10 years. 

Table 68. — InvestTnent cost for the superpower system for 1919 y 1925, and 1930, in thousands of dollars. 





Eastern 

New 
England. 


Western 

New 
England. 


Mohawk- 
Hudson. 


Metro- 
politan. 


Anthra- 
cite. 


Southern. 


Super- 
power 
sone. 


1919. 

Present steam-electnc plants 


66, 235 
41,100 


24,550 
29,890 


7,200 
20, 920 


129, 105 
43,570 


22,586 
033,000 


79,643 
50,036 


329, 219 


Nftw Rtftftm-el metric plants 


218, 516 






107, 335 


54,440 


28, 120 


172, 675 


55,586 


129, 578 


547, 734 


Ppflsent hydroelectric plants 


16,601 


16, 713 
9,000 


26, 136 
20, 124 


2,550 
25,700 


1,266 


23,963 
33,000 


87, 127 


New hydroelectric plantiS 


87,824 










• 


16,501 


25, 713 


46,259 


28,250 


1,265 


56,963 


174, 961 


All power plants 


123,836 


80,153 


74, 379 


200, 925 


56,851 


186, 541 


722,686 






Trapsipission lines. ^ r . T . T 


4,131 
3,656 


6,343 
1,902 


6,108 
3,149 


13,346 
10, 955 


3,635 
3,253 


16,009 
6,183 


48,571 
29,098 


(^iibstations- . - , . . X 




TrwvnniRBion systrem . 


7,787 


8,245 


9,257 


24,300 


6,888 


21, 192 


77,669 




Total investment cost 


131, 623 


88,398 


83, 636 
-3,800 


225, 225 
-f3,800 


63,739 
-f 2, 655 


207, 733 
-2,655 


800,354 


Debit or credit to other divisions 












Total investment cost to division 


131, 623 
82, 736 


88,398 
41, 263 


79,836 
33,335 


229, 025 
131, 655 


66,394 
23,851 


205, 078 
103,506 


800, 354 


Investment made as of midyear, 1919 


416, 346 




New monev required 


48,887 


47, 135 


46,501 


97, 370 


42,543 


101, 572 


384,008 


• m 


1925. 

Present steam-electric plants 


66, 235 
50,700 


24, 550 
33,100 


7,200 
26, 850 


129, 105 
o 62, 700 


22, 586 


7ft M^ 


329, 219 
278, 890 


New steam-electric plants 


a 29, 420 76, 120 






116,935 


57, 650 


34,050 


191, 805 


52,006 


155, 663 


608, 109 


Present hydroelectric plants 


16, 501 


16, 713 
9,000 


26, 135 
20, 124 


2,550 
25,700 


1,266 


23,963 
33,000 


87 127 


New hydroelectric plants 


87,824 










16, 501 


25, 713 


46,259 


28,250 


1,265 


56, 963 


174, 951 


All power plants 


133, 436 

1 


83, 363 


80, 309 


220, 055 


53, 271 


212, 626 


783,060 





a Includes a portion of the Pittston plant investment. 
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Table 68. — Investment cost for the superpower system for 1919, 1925, and 19S0, in thousands of dollars — Continued. 





Eastern 

New 
England. 


Western 

New 
England. 


Mobawk- 
Hudson. 


Metro- 
politan. 


Anthra- 
cite. 


Southern. 


Super- 
power 
sone. 


19ZS — Continued . 
TrftTiflmiwidnn linefl 


5,186 
5,102 


6,346 
3,655 


6,108 
3,226 


13,345 
12,436 


4,085 
4,163 


15,009 
7,768 


50,079 


Rubptationp - . - , . 


36,350 






Trunflmifffrion flypteni 


10,288 


10,001 


9,334 


25,781 


8,248 


22, 777 


86,429 






Total investment cost 


143, 724 


93,364 
-1-5,980 


89,643 
-780 


245,836 
-5,200 


61, 519 
+1,435 


235,403 

1 -1, 435 


869,489 


Debit or credit to other divisions 










Total investment cost to division 


143, 724 
82, 736 


99,344 
41,263 


88,863 
33,335 


240,636 
131, 655 


62,954 
23,861 


233,968 
103,506 


869, 489 


Investment made as of midvear, 1919 


416,346 






New monev reauired 


60,988 


58,081 


55,528 


108, 981 


39,103 


130, 462 


453, 143 






Present steam-electric plants 


6^,235 
91,750 


24,550 
42,280 


7,200 
39, 195 


129, 105 
« 103, 100 


22,586 
^42,800 


79,543 
111, 050 


329, 219 


New steam-electric plants 


430, 175 








157, 985 


66,830 


46,395 


232,205 


65,386 


190, 593 


759, 394 


Prwent hydrnelftotrio plants 


16,501 


16, 713 
29,000 


26, 135 
38,350 


2,550 
51,500 


1,265 


23,963 
40,000 


87,127 


New hvdroelectric Dlants 


158.850 










16,501 


45, 713 


64,485 


54,050 


1,265 


63,963 


245, 977 


All power plants 


174, 486 


112, 543 


110, 880 


286,255 


66, 651 


254,556 


1, 013, 536 






TnLTiRTnif«inTi line" 


5,186 
5,730 


11,840 
5,612 


7,956 
4,371 


14,369 
14,606 


4,310 
4,765 


16,440 
9,008 


60,101 


Substations 


44,092 






Transmission system 


10, 916 


17, 452 


12, 327 


28, 975 


9,075 


25,448 


104, 193 






Totrftl investment cost 


185,402 


129, 995 
-f7,800 


123,207 
-480 


315,230 
-7,320 


75, 726 
-1-18,340 


280,004 
-18,340 


1. 109, 564 


Debit or credit to other divisions 










Total investment cost to division 


185,402 
82,736 


137, 795 
41,263 


122, 727 
33,335 


307, 910 
131,655 


94,066 
23,851 


261,664 
10.^. SiOR 


1, 109, 564 


Investment made as of midyear, 1919 


416,346 




MV, W-J. 1 _, W- — 


New money renuired 


102,666 


96, 532 


89, 392 


176, 255 


70, 215 


158,158 


693, 218 







a Includes a jwrtion of the Pittston plant investment. 

COST OF POWER. 

Table 72 gives the annual production cost of the power plants for the superpower zone, 
Table 73 the annual transmission-system cost, and Table 74 the total cost of power delivered 
to load centers. 

The costs given in Appendix B consider only production by the electric utilities and rep- 
resent the cost of power at their bus bars. These costs, compared to the production cost of all 
the plants of the superpower system, are as follows: 

Table 69. — Production cost per kUotvatt-hour net generated. 



Cost for electric utilities, 1919: 

Steam-electric 

Hydroelectric 

All plants 

Cost for superpower system: 

Steam-electric 

Hydroelectric 

All plants 

Reduction by superpower system. 



1910 


1025 


10.0212 


10. 0212 


.0094 


.0094 


.0193 


.0193 


.0108 


.0107 


,0061 


.0061 


.0098 


.0098 


.0095 


.0095 



1930 



10. 0212 
.0094 
.0193 

.0102 
.0058 
.0093 
.0100 
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To the production cost of the superpower system must be added the transmission cost to 
determine the cost of power delivered at the load centers. 

The average imit cost of power delivered by the superpower system to the load centers 
is stated below. 

Table 70. — Unit cost of power delivered to load centers. 



Operating coet. . 
Fixed cmuges... 
General expense 



1919 



Per kilo, 
watt-hour. 



10.0045 
.0064 
.0004 



.0113 



PerldlO' 

watt-year 

of demand. 



$17.85 

25.40 

1.55 



44.80 



1925 



1930 



Per kilo- 
watt-hour. 



.0050 
.0058 
.0004 



.0112 



Per kilo- 

watt-year 

of demand. 



Per kilo- 
watt-hour. 



$20.40 

24.00 

1.60 



46.00 



$0.0046 
.0056 
.0004 



.0106 



Per kilo- 
watt-year 
of demand. 



$19. 10 

23.10 

1.60 



43.80 



Table 71. — Annual cost far power delivered to load centers by superpower system and cost for independent operation undtr 

conditions of 1919, 



Independent operation (power plants only"): 

Fuel 

Maintenance, labor, and supplies 

Fixed charges and general expense 

Superpower operation (power plants and transmission svstem): 

Fuel ' 

Maintenance, labor, and supplies 

Fixed charges and general expense 

Saving by superpower operation: 

Fuel 

Maintenance, labor, and supplies 

Fixed charges and general expenses 



1919 



$125, 000, 000 

47, 905, 000 

190, 300, 000 



363, 205, 000 



61,815,000 

24, 829, 000 

130,511,000 



217, 155, 000 



63,185,000 
23, 076, 000 
59,789,000 



146, 050, 000 



1925 



$151,000,000 

69, 425, 000 

227, 150, 000 



447, 575, 000 



87, 216, 000 

27,451,000 

142, 638, 000 



257,305,000 



63, 784, 000 
41, 974, 000 
84,^12, 000 



190, 270, 000 



1930 



$203, 800, 000 

93, 440, 000 

305, 900, 000 



603, 140, 000 



108, 094, 000 

33, 905, 000 

182, 608, 000 



324,607,000 



95, 706, 000 

59, 535, 000 

123, 292, 000 



278, 533, 000 



The estimated fuel saving for 1925 is very little greater in dollars than that for 1919, owing 
to the lower unit coal cost per ton for superpower operation in the earUer year. The cost of power 
for independent operation is computed on the 1919 unit cost given in Appendix B. The value 
of fuel saving as here stated will therefore not check with the value given on page 163, where a 
definite cost per ton has been used in obtaining the result. 

The total investment in electric-utility company plants in 1919, as shown by reproduction 
cost, was $598,277,000. Plants to the value of $416,346,000 are to be incorporated in the 
superpower system, leaving plants to be abandoned represented by a reproduction cost of 
$181,931,000. 

The net saving effected by the superpower system is arrived at by deducting from the gross 
saving the cost of money, taxes, insurance, and sinking fund on these abandoned plants, the 
investment in which must be gradually amortized. The cost of money, insurance, and taxes 
on the abandoned plants will amount to $21,800,000 a year, and a sinking fund of $17,800,000 
a year will amortize the investment in these plants in about eight years on a 7 per cent annuity 
basis. The deduction from the gross saving is therefore $39,600,000 a year, and the net savings 
are for 1919, $106,450,000; for 1925, $150,670,000; for 1930, $238,933,000. 

If in 1930 the superpower zone were supplied with power from an interconnected system 
in which all the new power plants were of the steam-electric type and were located as close to 
the load centers as the available supply of condensing water would permit, the total investment 
in such a system would be $1,064,716,000, and the annual cost of power delivered to the load 



170 A SUPERPOWER SYSTEM FOB THE REGION BETWEEN BOSTON AND WASHINGTON. 

centers would be $348,084^000. The combination of base-load steam-electric plants located 
both at tidewater and in the anthracite mining region with hydroelectric plants increases the 
investment cost to SI, 109,564,000 but reduces the annual cost of power delivered to the load 
centers to $278,534,000 — a saving of $69,550,000 annually on an increased investment of 
$44,838,000. 

By taking advantage of the partial regional diversity existing between the Anthracite 
division and the Southern and Metropolitan divisions and by producing large blocks of power 
in the Sunbury, Nescopeck, and Pittston base-load steam-electric plants in connection with the 
development of the Delaware River project to carry peak loads, as recommended for 1930, and 
by transmitting such of this power as is not absorbed by the Anthracite division to the Metro- 
politan and Southern divisions over the 220,000-volt transmission lines shown on Plates II and 
III, power could be delivered to these three divisions at the low average cost of 9.7 mills per 
kUowatt-hour. On the other hand, if the diversity existing between these divisions were ignored 
and the power were produced in steam-electric plants located as near the centers where it is used 
as the available supply of condensing water would permit, apd if there were no transmission- 
line connection between the Anthracite and the Metropolitan and Southern divisions, the corre- 
sponding cost of power delivered to the load centers of these divisions would be 10.8 mills per 
kilowatt-hour. 

As it will require about eight years to construct the proposed St. Lawrence hydroelectric 
works and about the same length of time to obtain additional capacity at Niagara Falls that 
could be released to the superpower zone, the load requirements of 1930 must be met by other 
facilities. However, if these developments were completed by 1930, the load growth in the 
Eastern New England, Western New England, and Mohawk-Hudson divisions should be sufficient 
to absorb the available output of the St. Lawrence by 1932, and that of the Metropolitan division 
should be sufficient to absorb 300,000 kilowatts at a load factor of 80 per cent from Niagara in 
the same year. It is believed from consultation with the best-informed authorities on these 
two projects that power could be purchased from them at not more than $20 per horsepower- 
year delivered at their bus bars, and accordingly this figure is used in determining their effect 
on the cost of power to those divisions of the superpower zone so supplied. 

The estimated average cost for St. Lawrence power delivered in 1932 at Utica and Sche- 
nectady, N. Y., and Northampton, Mass., is 4.6 mills per kilowatt-hour for 600,000 kilowatts 
at a load factor of 80 per cent. The total annual cost for all power delivered in 1932 to the load 
centers of the Eastern New England, Western New England, and Mohawk-Hudson divisions 
with St. Lawrence power would be $130,273,000. Were the excess energy requirement of 1932 
over that of 1930 furnished by new steam-electric plants, the total cost would be $141,601,000. 
The development of St. Lawrence River would therefore save $11,328,000 annually to these 
geographic divisions. The total investment required for equipment to use St. Lawrence pur- 
chased power would be $24,826,000 less than that required if new steam-electric plants were 
constructed to supply this excess energy. In the Eastern New England, Western New England, 
and Mohawk-Hudson divisions, which lie farthest from the coal fields, the cost of power gener- 
ated by steam-electric plants is inherently high, and therefore the St. Lawrence development 
will be of very great benefit to these divisions. 

The Metropolitan division by 1932 can absorb 300,000 kilowatts of Niagara power delivered 
at a load factor of 80 per cent. The cost of this power delivered at Paterson, N. J., will be about 
5.7 mills per kilowatt-hour. The total cost to the Metropolitan division for the power it will 
rcjquire in 1932, if Niagara power is used, will be $107,651,000. If the growth in energy required 
between 1930 and 1932 were supplied from new steam-electric plants located in the Metropolitan 
division, the total cost for power to the division in that year would be $110,899,000, showing a 
saving of $3,248,000 in favor of Niagara power. Were the power purchased from the Niagara 
power interests, so that no investment by the superpower system in hydroelectric power plants 
at that location would be required, the total added investment for 1932 would be $5,080,000 
less than that which would be required if the Niagara power were displaced by steam-electric 
power. 
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Tablb 72. — Total annual production cost for superpower system/or 1919, 1925, and 19S0. 





Annual operating cost. 


Annual fixed 
charges. 


Annual production cost. 


Geographio division. 


Fuel. 


Labor, main- 
tenance, and 
supplies. 


Total. 


PerkUo- 
watt-hour. 


Total. 


PerHlo. 
watt-hour. 


1919. 

Eastern New England- 
Steam-electric plants — 
Preeent. 


$4, 132, 000 
8, 620, 000 


$2, 655, 000 
1, 490, 000 


$6, 787, 000 
10, 110, 000 


$0. 0131 
.0043 


$10, 606, 000 
6, 580, 000 


$17, 393, 000 
16, 690, 000 


$0. 0336 


New 


.0070 








12, 752, 000 


4, 145, 000 


16, 897, 000 


.0058 


17, 186, 000 


34, 083, 000 


.0118 


Hydroelectric plants — 
Present 




388,000 


388,000 


■ 
.0014 


2, 394, 000 


2, 782, 000 


.0104 


New 


























388,000 


388,000 


.0014 


2. .^04. 000 


2, 782, 000 


.0104 






^ 1 —I 7 — -" 




All plants 


12, 752, 000 


4, 533, 000 


17, 285, 000 


.0055 


19, 580, 000 


36, 865, 000 


.0117 






Western New England: 
Steam-electric plants- 
Present 


851,000 
4, 130, 000 


942,000 
996,000 


1, 793, 000 
5, 126, 000 


.0233 
.0047 


3, 928, 000 
4, 785, 000 


5, 721, 000 
9, 911, 000 


.0743 


New 


,0091 








4, 981, 000 


1, 938, 000 


6, 919, 000 


.0059 


8, 713, 000 


15, 632, 000 


.0133 


Hydroelectric plants — 
Present 




438,000 
100,000 


438,000 
100,000 


.0013 
.0004 


2, 477, 000 
1, 156, 000 


2, 915, 000 
1, 2561000 


.0086 


New 




.0055 












538,000 


538,000 


.0009 


3, 633, 000 


4, 171, 000 


.0073 


• 






All plants - 


4, 981, 000 


2, 476, 000 


7, 457, 000 


.0043 


12,346,000 


19, 803, 000 


.0114 


Mohawk-Hudson : 

Steam-electric plants- 
Present 


272,000 
2, 180, 000 


212,000 
640,000 


484,000 
2, 820, 000 


.0242 
.0047 


1, 153, 000 
3, 350, 000 


1, 637, 000 
6, 170, 000 


.082 


New 


.0102 








2, 452, 000 


852,000 


3, 304, 000 


.0053 


4, 503, 000 


7, 807, 000 


.0125 


Hydroelectric plants — 
Present 




446,000 
200,000 


446,000 
200,000 


.0012 
.0005 


3, 787, 000 
2, 615, 000 


4, 233, 000 
2, 815, 000 


.0117 


New 




.0074 












646,000 


646,000 


.0008 


6, 402, 000 


7, 048, 000 


.0095 








All plants 


2, 452, 000 


1, 498, 000 


3, 950, 000 


.0029 


10, 905, 000 


14, 855, 000 


.0109 






Metropolitan: 

Steam-electric plants — 
Present 


16, 560, 000 
5, 878, 000 


6,343,000 
1, 622, 000 


22, 893, 000 
7,500,000 


.0077 
.0043 


20, 657, 000 
6, 980, 000 


43, 550, 000 
al4, 480, 000 


.0147 


New 


.0083 








22, 428, 000 


7, 965, 000 


30, 393, 000 


.0068 


27, 637, 000 


58, 030, 000 


.0130 


Hydroelectric plants — 
Present 




67,000 
350,000 


67,000 
350,000 


.003 
.0004 


370,000 
3,380,000 


437,000 
3, 730, 000 


.0198 


New. 




.0044 












417,000 


417,000 


.0005 


3, 750, 000 


4, 167, 000 


.0048 








All plants 


22, 428, 000 


8, 382, 000 


30, 810, 000 


.0057 


31, 387, 000 


62, 197, 000 


. 0115 






Anthracite: 

Steam-electric plants — 
Present 


2, 752, 000 
4, 135, 000 


1, 007, 000 
1, 395, 000 


3, 758, 000 
5, 530, 000 


.007 
.0028 


3, 614, 000 
5, 280, 000 


7, 372, 000 
«10,810,000 


.0137 


New 


.0055 








6, 887, 000 

1 


2, 401, 000 


9, 288, 000 


.0035 


8, 894, 000 


18.182,000 


.0068 



• Includes a portion of the annual production cost of the Pittston plant. 
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Tablb 72. — Total annual production cost for superpotoer tystemfor 1919, 1925, and id^O— Oantmued. 





Annual operating cost. 


Annual fixed 
charges. 


Annual production cost. 


Qeographio dlvisioii. 


Fad. 


Labor, maln- 

teaanoe, and 

supplies. 


TotaL 


Perlrllo- 
watt>hoar. 


Total. 


PerlDlo- 
watt-hour. 


1919— Continued . 

Anthracite — Continued . 
Hydroelectric plants- 
Present 




$64,000 


$64,000 


$0,004 


$183,000 


$247,000 


$0.0155 


New 
























64,000 


64,000 


.004 


183,000 


247,000 


0155 








All plants 


$6, 887, 000 


2, 465, 000 


9, 352, 000 


.0035 


9, 077, 000 


18, 429, 000 


.0067 


Southern: 

Steam-electric plants — 
Present 


.4, 270, 000 
8, 045, 000 


1, 481, 000 
1, 939, 000 


5, 751, 000 
9, 984, 000 


.0099 
.0034 


12, 662, 000 
8,000,000 


18, 413, 000 
17, 984, 000 


0318 


New 


0061 








12, 315, 000 


3, 420', 000 


15, 735, 000 


.0045 


20, 662, 000 


36, 397, 000 


.0140 


* 

Hydroelectric plants — 
Present 




340,000 
395,000 


340,000 
395,000 


.0063 
.0003 


3, 475, 000 
4,280,000 


3, 815, 000 
4, 675, 000 


007 


New 




0033 












735,000 


735,000 


.0004 


7, 755, 000 


8, 490, 000 


0043 








All plants 


12, 315, 000 


4, 155, 000 


16, 470, 000 


.0030 


28, 417, 000 


44, 887, 000 


0082 






Superpower system: 

Steam-electric plants- 
Present 


28, 827, 000 
32, 988, 000 


12, 639, 000 
8, 082, 000 


41, 466, 000 
41, 070, 000 


.0088 
.0037 


52, 620, 000 
34, 975, 000 


94, 086, 000 
76, 045, 000 


0201 


New 


0069 








61, 815, 000 


20, 721, 000 


82, 536, 000 


.0053 


87, 595, 000 


170, 131, 000 


.0108 


Hydroelectric plants — 
Present 




1, 743, 000 
1, 045, 000 


1, 743, 000 
1, 045, 000 


.0011 
.0004 


12, 686, 000 
11, 431, 000 


14, 429, 000 
12, 476, 000 


0093 


New 




0043 












2, 788, 000 


2, 788, 000 


.0006 


24, 117, GOO 


26, 905, 000 


0061 








All plants 


61, 815, 000 


23, 509, 000 


85, 324, 000 


.0042 


111, 712, 000 


197, 036, 000 


.0098 






1925. 

Eastern New England: 
Steam-electnc plants — 
Present 


4, 928, 000 
12, 435, 000 


2, 655, 000 
1, 830, 000 


7, 583, 000 
14, 265, 000 


.0147 
.0051 


10, 606, 000 
8, 120, 000 


18, 189, 000 
22, 385, 000 


.0352 


New 


0080 








17, 363, 000 


4, 485, 000 


21, 848, 000 


.0066 


18, 726, 000 


40, 574, 000 


.0122 


Hydroelectric plants — 
. Present 




388,000 


388,000 


.0014 


2, 394, 000 


2, 782, 000 


0104 


New 












••• ........|..- ....... 


1 






388,000 


388,000 


.0014 


2, 394, 000 


2, 782, 000 


.0104 








All plants 


17, 363, 000 


4, 873, 000 


22, 236, 000 


.0062 


21, 120, 000 


43, 356, 000 


.0121 






Western New Enj^land : 
Steam-electnc plants — 
Present 


1, 029, 000 
5, 600, 000 


942.000 
1,100,000 


1,971,000 
6, 700, 000 


1 
1 
1 

.0256 i 3.928.000 


5, 899, 000 
11, 993, 000 


.0767 


New * . 


.0055 


5, 293, 000 


.0098 




6, 629, 000 


2, 042, 000 


8, 671, 000 


.0067 , 9,221,000 


17, 892, 000 


.0138 



[ 
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Table 72. — Total annual production cost for superpower system for 1919, 1925, and 19S0 — Continued. 





Annual operating cost. 


Annual fixed 
charges. 


Annual production cost. 


Oeographie division. 

1 


Fuel. 


Labor, main- 
tenance, and 
supplies. 


Total. 


Perkllo- 
watt^honr. 


Total. 


Per kilo- 
watt-hour. 


192S — Continued. 

Western New England— Con. 
Hydroelectric plants — 
Present 




$438,000 
100,000 


$438,000 
100,000 


$0.0013 
.00p4 


$2, 477, 000 
1, 156, 000 


$2, 915, 000 
1, 256, 000 


$0.0086 


New 




.0055 












538,000 


538,000 


.0009 


3, 633, 000 


4, 171, 000 


.0073 








All T^ants 


16, 629, 000 


2,580,000 


9, 209, 000 


.0049 


12, 854, 000 


22, 063, 000 


.0118 






Mohawk-Hudson : 

Steam-electric plants — 
Present 


324,000 
4,380,000 


212,000 
890,000 


536,000 
5, 270, 000 


.0268 
.0051 


1, 153, 000 
4, 296, 000 


1, 689, 000 
9, 566, 000 




New 


.0092 








4, 704, 000 


1, 102, 000 


5, 806, 000 


.0055 


5, 449, 000 


11, 255, 000 


.0106 


Hydroelectric plants — 
Present 




446,000 
200,000 


446,000 
200,000 


.0012 
.0005 


3, 787, 000 
2, 615, 000 


4, 233, 000 
2, 815, 000 


.0117 


New 




.0074 












646,000 


646,000 


.0009 


6, 402, 000 


7,048,000 


.0095 








All plants 


4, 704, 000 


1, 748, 000 


6, 452, 000 


.0036 


11, 851, 000 


18, 303, 000 


.0102 






Metropolitan: 

Steam-electric plants — 
Present 


19, 800, 000 
12, 190, 000 


6, 343, 000 
2, 419, 000 


26, 143, 000 
14, 609, 000 


.0088 
.0048 


20, 657, 000 
10, 030, 000 


46, 800, 000 
24,639,000 


.0158 


New 


.077 








31, 990, 000 


8, 762, 000 


40, 752, 000 • 


.0071 


30, 687, 000 


71, 439, 000 


.0123 


Hydroelectric plants — 
Present 




67,000 
350,000 


67,000 
350,000 


.0030 
.0004 


370,000 
3, 380, 000 


• 

437,000 
3, 730, 000 


.0198 


New 




.0044 












417,000 


417,000 


.0005 


3, 750, 000 


4, 167, 000 


.0048 








All plants 


31, 990, 000 


9, 179, 000 


41, ife9, 000 


.0061 


34, 437, 000 


75, 606, 000 


.0112 






Anthracite: 

Steam-electric plants — 

Present 

New 


3, 046, 000 
4, 025, 000 


1.006,000 
i; 256, 000 


4, 052, 000 
5, 281, 000 


.0075 
.0031 


3, 614, 000 
4, 710, 000 


7, 666, 000 
« 9, 991, 000 


.0143 
.0058 




7, 071, 000 


2, 262, 000 


9, 333, 000 


.0037 


8, 324, 000 


17, 657, 000 


.0071 


Hydroelectric plants- 
Present 




64,000 


64,000 


.0040 


183,000 


247,000 


.0155 


New 


























64,000 


64,000 


.0040 


183,000 


247,000 


.0155 








All plants . 


7, 071, 000 


2, 326, 000 


9, 397, 000 


.0038 


8, 507, 000 


17,904,000 


.0071 






Southern: 

Steam-electric plants — 
Present • 


4, 979, 000 
14, 480, 000 


1, 481, 000 
2, 960, 000 


6, 460, 000 
17,440,000 


.0112 
.0040 


12, 662, 000 
12, 175, 000 


19, 122, 000 
29, 615, 000 


.0331 


New 


.0068 








19, 459, 000 


4, 441, 000 


23, 900, 000 


.0048 


24, 837, 000 


48, 737, 000 


.0099 


Hydroelectric plants — 
Present 




340,000 
395,000 


340,000 
395,000 


.0063 
.0003 


3, 475, 000 
4, 280, 000 


3, 815, 000 
4, 675, 000 


.007 


New 




.0033 




■ 








735,000 


735,000 


.0004 


7, 755, 000 


8, 490, 000 


.0043 








All nlants 


19, 459, 000 


5, 176, 000 


24, 635, 000 


.0035 


32, 592, 000 


57, 227, 000 


.0083 







a Includes a portion of the annual production cost of the Pittston plant. 
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Table 72. — Total annual production cost for superpower system for 1919, 1925^ and 19S0 — Continued. 





Annual operating cost. 


Annual fixed 
charges. 


Annual production oon. 


Qeographic divlsloii. 


Fuel. 


Labor, main- 
tenance, and 
supplies. 


Total. 


Perldlo. 
watt-hour. 


Total. 


Per kilo- 
watt-hour. 


IMJ^-rContinued. 

Superpower system : 

Steam-electric plants — 
Present 


134, 106, 000 
53,110,000 


112, 639, 000 
10, 455, 000 


$46, 745, 000 
63, 565, 000 


$0.0100 
.0043 


$52, 620, 000 
44, 624, 000 


$99,365,000 
108, 189, 000 


$0. 0212 
0074 


New 




. \J\J 1 TL 




87, 216, 000 


23, 094, 000 


110, 310, 000 


.0057 


97, 244, 000 


207, 554, 000 


.0107 


Hydroelectric plants — 
Present 




1, 743, 000 
1, 045, 000 


1, 743, 000 
1. 045, 000 


.0011 
.0004 


12, 686, 000 
11,431,000 


14, 429, 000 
12, 476, 000 


OOJ).^ 


New 




004^ 












2, 788, 000 


2, 788, 000 


.0006 


24, 117, 000 


26, 905, 000 


0061 








All plants 


87, 216, 000 


25, 882, 000 


113, 098, 000 


.0048 


121, 361, 000 


234, 459, 000 


OOQft 




. WiFCJ 


199%. 

Eastern New England : 
Steam-electnc plants — 
Present 


4, 995, 000 
18, 610, 000 


2,852,000 
3, 063, 900 


7, 847, 000 
21, 675, 000 


* 

.0148 
.0052 


10, 606, 000 
14, 685, 000 


18, 453, 000 
36, 360, 000 


0^(U) 


New 


. VfOHV 




. woo 




23, 605, 000 


5, 917, 000 


29, 522, 000 


.0063 


25, 291, 000 


54, 813, 000 


.0117 


Hydroelectric plants — 
Present 




388,000 


388,000 


.0014 


2, 394, 000 


2, 782, 000 


0104 


New 




. vxw 
















• 




388,000 


388,000 


.0014 


2, 394, 000 


2, 782, 000 


0104 








All plants 


23, 605, 000 


6, 305, 000 


29, 910, 000 


.0061 


27, 685, 000 


57,595,000 


0116 




. VXXV 


Western New England: 
Steam-electnc plants — 
Present 


1, 029, 000 
5, 810, 000 


942,000 
1, 370, 000 


1, 971, 000 
7, 180, 000 


.0256 
.0058 


3, 928, 000 
6, 775, 000 


5, 899, 000 
13, 955, 000 


0767 


New 


0113 




. \I^X%M 


« 


6, 839, 000 


2, 312, 000 


9,151,000 


.0070 


10, 703, 000 


19, 854, 000 


.0151 


Hydroelectric plants — 
Present 




• 438,000 
330,000 


438,000 
330,000 


.0013 
.0004 


2, 477, 000 
3, 800, 000 


2, 915, 000 
4, 130, 000 


0086 


New 




0054 






. WW » 






768,000 


768,000 


.0007 


6, 277, 000 


7,045,000 


0064 








All plants 


6, 839, 000 


3, 080, 000 


9,919,000 


.0041 


16, 980, 000 


26, 899, 000 


0112 






Mohawk-Hudson : 

Steam-electric plants — 
Present 


324,000 
5, 620, 000 


212,000 

1, 300, goo 


536,000 
6, 920, 000 


.0268 
.0053 


1, 153, 000 
6, 270, 000 


1, 689, 000 
13, 190, 000 


0844 


New 


0100 








5, 944, 000 


1, 512, 000 


7, 456, 000 


.0056 


7, 423, 000 


14, 879, 000 


.0112 


Hydroelectric plants — 
Present 




446,000 
300,000 


446,000 
300,000 


.0013 
.0003 


3, 787, 000 
4, 950, 000 


4, 233, 000 
5, 250, 000 


0124 


New 




0058 












746,000 


746,000 


.0006 


8, 737, 000 


9, 483, 000 


0077 








All plants 


5, 944, 000 


2. 258, 000 


8, 202, 000 


.0032 


16, 160, 000 


24, 362, 000 


0095 




. W9v 
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Tablb 72. — Total annual production cost for superpower system for 1919, 1925, and 19S0 — Continued. 





Annual operating cost. 




Annual production cost. 


Geogmphic divlsioa. 


Fuel. 


Labor, main- 
tenance, and 
supplies. 


Total. 


Per kilo- 
watt-hour. 


Annual fixed 
charges. 


Total. 


Per kilo- 
watt-hour. 


19M— Continued . 

Metropolitan: 

Steam-^ectnc plants — 
Present 


115, 763, 000 
21, 300, 000 


95, 992, 000 
3, 955, 000 


121, 755, 000 
25, 255, 000 


10.0096 
.0047 


$20, 657, 000 
16, 485, 000 


$42, 412, 000 
o 41, 740, 000 


$0. 0186 


New 


.0076 








37, 063, 000 


9, 947, 000 


47, 010, 000 


.0064 


37, 142, 000 


84, 152, 000 


.0103 


Hydioelectnc plants — 
l^esent 




67,000 
650,000 


67,000 
650,000 


.003 
.0005 


370,000 
6,800,000 


437,000 
7,450,000 


.0198 


New 




.0060 












717,000 


717, 000 


.0005 


7, 170, 000 


7, 887, 000 


.0062 








Al] plants 


37, 063, 000 


10, 664, 000 


47, 727, 000 


.0055 


44, 312, 000 


92, 039, 000 


.0094 






Anthracite: 

Steam-electric plants- 
present 


3,046,000 
5, 948, 000 


1,006,000 
1, 892, 000 


4, 052, 000 
7, 840, 000 


.0075 
.0031 


3, 614, 000 
6, 855, 000 


7, 666, 000 
a 14,695, 000 


.0143 


New 


.0057 








8, 994, 000 


2, 898, 000 


11, 892, 000 


.0036 


10, 469, 000 


22, 361, 000 


.0067 


Hydroelectric plants—* 
Present 




64,000 


64,000 


.004 


183.000 


247, 000 


.0155 


New 


• 
























64,000 


64,000 


. 004 183. 000 


247,000 


.0155 












Al) plants. T . , . 


8, 994, 000 


2, 962, 000 


11, 956, 000 


.0036 


10, 652, 000 


22, 608, 000 


.0067 






Southern: 

Steam-electric plants — 
Flresent 


4, 979, 000 
20, 670, 000 


1,481,000 
4, 310, 000 


6, 460. 000 
24, 980, 000 


.0112 
.0040 


12, 662, 000 
17,765,000 


19, 122, 000 
42, 745, 000 


.0331 


New 


.0069 


• • 






25, 649, 000 


5, 791, 000 


31,440,000 


.0046 


30, 427, 000 


61, 867, 000 


.0091 


Hydroelectric plants — 
Present 




340,000 
625,000 


340,000 
625,000 




.0006 .^.475 000 


3, 815, 000 
7, 151, 000 


.0070 


New 




.0003 


6, 526, 000 


.0033 












965,000 


965.000 


.0004 


10, 001, 000 


10, 966, 000 


.0040 








All plants. 


25, 649, 000 


6, 756, 000 


32, 405, 000 


.0034 


40, 428, 000 


72, 833, 000 


.0077 






Superpower tvstem: 

Steam-electric plants — 
Present 


30, 136, 000 
77, 958, 000 


12, 485, 000 
15, 892, 000 


42, 621, 000 
93, 850, 000 


.0106 
.0044 


52, 620, 000 
68, 835, 000 


95,241.000 
162, 685; 000 


.0238 


New 


.0076 




108, 094, 000 


28, 377, 000 


136, 471, 000 


.0054 


121, 455, 000 


257, 926, 000 


.0102 


Hydroelectric plants — 
Present 


• 


1, 743, 000 
1, 905, 000 


1, 743, 000 
1, 905, 000 


.0011 
.0001 


12, 686, 000 
22, 076, 000 


14, 429, 000 
23, 981, 000 


.0094 


New 




.0047 












3, 648, 000 


3, 648. 000 


.0006 


34, 762, 000 


38, 410, 000 


.0058 








All plants 


108, 094, 000 


32. 028, 000 


140. 119, 000 


.0044 


156, 217, 000 


296, 336, 000 


.0093 











• Includes a portion of the annual production cost of the Pittston plant. 
63361^—21 ^12 
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Table 73. — Annual coH of trannnusion system for superpower system, 1919, 19t5, and 1930. 



Geographic division. 


Operating. 


Fixed charges. 


Total. 


1919. 

Eastern New England: 

TranFiniflffi'^n Hn^- - ,,--,,,,,,.... 


$37,000 
123,000 


1578,000 
584,000 


$615,000 
707,000 


Subfltationfl, ,, t ,-,-,,, .,- ,,, 






160,000 


1, 162, 000 


1, 322, 000 


Western New England: 

TnLnflmiiiRinn linm _ 


50,000 
51,000 


887,000 
304,000 


937,000 
355,000 


Substations, r t .-. ,....,.... 






101,000 


1, 191, 000 


1, 292, 000 


Mohawk-Hudson : 

TransmisffioTi lines ,,-,-,.,.- 


48,000 
87,000 


855.000 
504,000 


903,000 
591,000 


Substations 






135,000 


1, 359, 000 


1,494,000 


Metropolitan: 

TrA.nflTniRRinn linAS. . 


75,000 
284,000 


1, 870. 000 
1, 760, 000 


1, 945, 000 
2,044,000 


Substations 






359,000 


3,630,000 


3, 989, 000 


Anthracite: 

Transmission lines 


49,000 
114,000 


508,000 
520,000 


557,000 
634,000 


Substations. ,--r-- x-r.^.-.r..... 






163,000 


1, 028, 000 


1,191,000 


Southern: 

Transmission lines r ^ .,..,., 


221,000 
181,000 


2, 100, 000 
987,000 


2 321 000 


Substations 


1,168,000 






402,000 


3,087,000 


3, 489, 000 


Superpower system: 

Transmission lines ^ 


480,000 
840,000 


6, 798, 000 
4, 659, 000 


7, 278, 000 
5,499,000 


Substations 






1, 320, 000 


11, 457, 000 


12, 777, 000 


Eastern New England: 

TnLnflmifcrinn Hnps 


48,000 
186,000 


725,000 
816,000 


773 000 


Substations 


1, 002, 000 






234,000 


1,541,000 


1, 775, 000 


Western New England: 

TnLnnmiflfrinn linpji 


49,000 
133,000 


888,000 
585,000 


937,000 
718,000 


Substations ^ 






182,000 


1, 473, 000 


1,655,000 


Mohawk-Hudson: 

TrannmiflHinn linAfl 


48,000 
104,000 


855, 000 
516,000 


903,000 
620 000 


Substations 








152,000 


1, 371, 000 


1, 523, 000 


Metropolitan: 

TrAnAmiflRinn linens 


75,000 
347,000 


1, 870, 000 
1, 990, 000 


1, 945. 000 
2, 337, 000 


Substations 






422,000 


3, 860, 000 


4, 282, 000 


Anthracite: 

Transmission lines 


19,000 
150,000 


573,000 
665.000 


592 000 


Substations 


815,000 






169,000 


1.238,000 


1, 407, 000 
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Table 73.— Annual eo»t of tranmiBtion 9y9tem/or tuperpotoer tystem, 1919, 19i5, and 1950 — Contiiiued. 



Geographic division. 



tBtS — Continued. 



Southern: 

TransmisBion lines. 
Subetationa 



Operating. 



Fixed charges. 



$221, 000 • $2, 100, 000 
189,000 I 1,242,000 



410,000 3,342,000 



Superpower system: 

Transmission Unee ' 460,000 i 7,011,000 

Substations 1,109,000 5,814,000 



1,569,000 , 12,825,000 



Eastern New England: 
Transmission lines. 
Substations 



10S«. 



48,000 
194,000 



725,000 
915,000 



242,000 1,640,000 



Western New England: 
Transmission lines. 
Substations 



78, 000 1, 660, 000 
173,000 896,000 



251.000 2,556,000 



Mobawk-Hudson : 

Transmission lines. 
Substations 



132,000 
130,000 



1, 110, 000 
700,000 



262, 000 1, 810, 000 



Metropolitan: 

Transmission lines. 
Substations 



80,000 
426,000 



2, 010, 000 
2, 335, 000 



506, 000 4, 345, 000 



Anthracite: 

Transmission lines 
Substations 



24,000 
174,000 



198,000 



Southern: 

Transmission lines. 
Substations 



253,000 



603,000 
762,000 



1, 365, 000 



167, 000 2, 300, 000 



1,440,000 



420, 000 3, 740, 000 



Superpower zone: 

Transmission lines 529, 000 

Substations 1,348,000 



8, 408, 000 
7, 050, 000 



1.877,000 15,458,000 



total. 



$2, 321, 000 
1, 431, 000 



3, 752, 000 



7, 471, 000 
6, 923, 000 



14, 394, 000 



773,000 
1, 109, 000 



1, 882, 000 



1, 738, 000 
1,069,000 



2,807,000 



1, 242, 000 
830,000 



2, 072, 000 



2,090,000 
2,761,000 



4, 851, 000 



627,000 
936,000 



1, 563, 000 



2, 467, 000 
1, 693, 000 



4, 160, 000 



8, 937, 000 
8, 398, 000 



17, 335, 000 
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Table 74. — Annual eoit of delivered power for the iuperpower 9y»Um, 1919, 19t5, and 19S0, 





Operating cost. 


Fixed 
charges. 


General 
expense. 


Cost of delivered power. 


Oeographlo division. 


Total. 


Perkilo^ 
watt-hour. 


Total. 


PerkUo- 
watt-hour. 


Eastern New England: 

Coet of power produced 


$17, 445, 000 





120, 742, 000 



• 

$1, 333, 000 



$39, 520, 000 





Debit or credit to other divisions 












Net coet 


17, 445, 000 


10.0058 


20, 742, 000 


1, 333, 000 


39, 520, 000 


10. 0131 






Western New England: 

Cost of power produced 


7,558,000 





13, 537, 000 



740,000 



21, 835, 000 





Debit or credit to other divisions 












Net cost 


7, 558, 000 


.0045 


13, 537, 000 


740,000 


21, 835, 000 


.0131 






Mohawk-Hudson : 

Cost of power produced 


4,085,000 
-f 540, 000 




12, 264, 000 
+560,000 


572,000 
+60,000 


16, 921, 000 
+1, 160, 000 




Debit or credit to other divisions 












Net cost 


4, 625, 000 


.0035 


12, 824, 000 


632,000 


18,081,000 


.0137 






Metropolitan: 

Cost of power produced 


31, 169, 000 
-540,000 




35, 017, 000 
-560,000 


2,320,000 
-60,000 


68,506,000 
-1,160,000 




Debit or credit to other divisions 












Net cost 


30, 629, 000 


.0055 


34, 457, 000 


2,260,000 


67, 346, 000 


.0120 






Anthracite: 

Coet of power produced 


9, 515, 000 
+3, 000, 000 




10, 105, 000 
+3, 200, 000 


687,000 
+470,000 


20,307,000 
+6, 670, 000 




Debit or credit to other divisions 












Net coet 


12, 515, 000 


.0042 


13, 305, 000 


1, 157, 000 


26, 977, 000 


.0090 






Southern: 

Coet of power produced 


16, 872, 000 
-3, 000, 000 




31, 504, 000 
-3, 200, 000 


1, 690, 000 
-470, 000 


50, 066, 000 
-6, 670, 000 




Debit or credit to other divisions 












Net cost 


13, 872, 000 


.0029 


28, 304, 000 


1, 220, 000 


43, 396, 000 


.0093 






Superpower system 


86,644,000 


.0045 


123, 169, 000 


7, 342, 000 


217, 155, 000 


.0113 






Eastern New England : 

Cost of power produced 


22, 470, 000 





22,6[61|000 



1,580,000 



46, 711, 000 





Debit or credit to other divisions 












Net cost 


22, 470, 000 


.0065 


22, 661, 000 


1,580,000 


46,711,000 .0135 




Western New England: 

Cost of power produced 


9, 391, 000 
+680,000 




14, 327, 000 
+710, 000 


830,000 
+25,000 


24, 548, 000 
+1, 415, 000 




Debit or credit to other divisions 












Net cost 


10, 071, 000 


.0053 


15, 037, 000 


855,000 


25,963,000 , .0136 






Mohawk-Hudson : 

Cost of power produced 


6, 604, 000 
-h 190, 000 




12, 957, 000 
+210, 000 


685,000 
+15,000 


20, 246, 000 




Debit or credit to other divisions 




+415, 000 










Net cost 


6, 794, 000 


.0038 


13, 167, 000 


700,000 


20, 661, 000 . 0117 






Metropolitan: 

Cost of power produced 


41, 591, 000 
-870, 000 




38, 297, 000 
-910, 000 


2, 800, 000 
-40,000 


82, 688, 000 
-1,820,000 




Debit or credit to other di vipions 










• • • . • • • 


Net cost 


40, 721, 000 


.0059 


37, 387, 000 


2, 760, 000 


80,868,000 .0117 






Anthracite: 

Coet of power produced 


9, 566, 000 
-f960, 000 


^ 


9, 745, 000 
+980,000 


677,000 
+165, 000 


19, 988, 000 
+2, 105, 000 




Debit or credit to other divisions. . . . 








"•••""•■" 




Net cost 


10, 526, 000 


.0040 


10, 725, 000 


842,000 


22, 093, 000 . 0085 
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Table 74. — Annual cost of delivered power for the tuperpower ayetem, 1919, 1925 , and 19S0 — Continued. 





Operating cost. 


Fixed 
charges. 


General 
expense. 


Cost or delivered power. 


Geographic division. 


ToUl. 


Per kilo- 
watt-hour. 


Total. 


Per kilo- 
watt-hour. 


1!KS5 — Continued . 
Southern: 

Cost of TX)w©r Droduced 


125,045,000 
-960,000 




135, 934, 000 
-980,000 


12, 135, 000 
-165,000 


$63, 114, 000 
-2, 105, 000 




Debit or credit to other divisionB 






Net cost 


24, 085, 000 


10.0038 


34, 954, 000 


1, 970, 000 


61, 009, 000 


$0.0098 






SuperDOwer flystem 


114, 667, 000 


.0050 


133, 931, 000 


8, 707, 000 


257. 305, 000 


.0112 






1930. 

Eastern New England: 

Cost of power produced 


30, 152, 000 





29, 325, 000 



2, 081, 000 



61, 558, 000 





Debit or credit to other divisions 






Net cost 


30, 152, 000 


.0063 


29, 325, 000 


2, 081, 000 


61. 558. 000 


.0129 






Western New England: 

Cost of power produced 


10, 170, 000 
+863,000 




19, 536, 000 
+870, 000 


1,038,000 
+62, 000 


30, 744, 000 
+1, 795, 000 




Debit or credit to other divisions 






Net cost 


11, 033, 000 


.0045 


20,406,000 


1, 100, 000 


32, 539, 000 


.0131 






Mohawk-Hudson : 

Cost of power produced 


8, 464, 000 
+257,000 




17, 970, 000 
+260,000 


890,000 
+18,000 


27, 324, 000 
+535,000 




Debit or credit to other divisions 






Net cost 


8, 721, 000 


.0035 


18, 230, 000 


908,000 


27,859,000 


.0110 






Metropolitan: 

Cost of power produced 


48,233,000 
-1,120,000 




48, 657, 000 
-1,130,000 


3, 390, 000 
-80,000 


100, 280, 000 
-2, 330, 000 




Debit or credit to other divisions 












Net cost 


47, 113, 000 


.0054 


47, 527, 000 


3, 310, 000 


97, 950, 000 


.0111 






Anthracite: 

Cost of power produced 


12, 154, 000 
+2, 160, 000 




12, 017, 000 
+2, 950, 000 


846,000 
+120,000 


25, 017, 000 
+5, 230, 000 




Debit or credit to other divisions 












Net cost 


14, 314, 000 


.0040 


14, 967, 000 


966,000 


30, 247, 000 


.0084 






Southern: 

Cost of power produced 


32, 825, 000 
-2,160,000 




44, 168, 000 
-2,950,000 


2, 690, 000 
-120,000 


79, 683, 000 
-5, 230, 000 




Debit or credit to other divisions 






Net cost - 


30, 665, 000 


.0036 


41, 218, 000 


2, 570, 000 


74, 453, 000 


.0087 






Superpower flvstem -,, 


141, 998, 000 


.0046 


171, 673, 000 


10, 935, 000 


324, 606, 000 


.0106 







COST OF POWER DELIVERED TO THE LOAD CENTERS FROM THE NEW 
POWER PLANTS AND THE TRANSMISSION SYSTEM OF THE SUPER- 
POWER SYSTEM. 

The superpower system as analyzed in the preceding sections comprises two distinct 
elements — (1) the present power plants incorporated into the system and (2) the new power 
plants and the transmission system. The amount of new power-plant capacity required is 
as follows : 

Table 75. — New pouter-plant capacity for superpower system^ in kilowatts. 



Geographic division. 



Eastern New England. 
Western New England. 

Mohawk-Hudson 

Metropolitan 

Anthiacite 

Southern 



Superpower zone. 



1919 



1925 



350,000 
320,000 
280,000 
423,000 
450,000 
695,000 



2, 528, 000 



450,000 
350,000 
340,000 
573,000 
450,000 
935,000 



3, 098, 000 



1930 



810,000 
555,000 
510,000 

1, 100, 000 
600,000 

1, 405, 000 



4, 980, 000 
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The investment cost for the new facilities given in Table 76 is 52,2 per cent of the total 
investment cost for the superpower system in 1925 and 62.5 per cent of the total in 1930. 

The cost of power delivered to the load centers from the new facilities of the superpower 
system is shown by Table 77 to be 54.3 per cent of the total cost for the superpower system in 
1925 and 65 per cent of the total in 1930. 

The present power plants proposed for incorporation in the superpower system will be a 
very important factor in the earlier stages of its being. Although theoretically power could 
be generated more cheaply and a greater amount of coal could be conserved by abandoning 
practically every steam-electric power plant now located within the zone, this procedure is 
not desirable, practicable, or financially possible. 

If the power plants retained are operated by the utilities as set forth on pages 157-161, the 
average cost of power purchased from the new facilities of the superpower system would be 
$0.0084 per kilowatt-hour measured at the receiving busses of the electric utilities at the load 
centers. To obtain this result, however, it is essential that all power plants within the zone 
be so operated that the resulting cost to all concerned will be the lowest. This end can be 
accomplished only by the operation of the older, less efficient plants for peak load and by the 
operation of the new, highly efficient plants for base load at high capacity factors. 

Table 76. — Inveatment cost /or new power plants and transmission system of the superpower system^ 1919, 1925 , and 19S0, 

in thousands of dollars. 



Eastern New 
En^nd. 

1 


Western New 
England. 


Mohawk- 
Hudson. 


Metropoli- 
tan. 


Anthracite. 


Southern. 

83,035 
21, 192 


Superpower 
zone. 


1919. 

New plants 


41,100 

7,787 


38,890 
8,245 


41,044 
9,257 


a 69, 270 
24,300 


«33,000 
6,888 


306,339 


TranfliTtiwqoTi Rynt-OTn 


77, 669 






Debit or credit to other divisions 


48, 887 


47,135 


50,301 
-3,800 


93, 570 
+3,800 


39,888 
+2, 655 


104,227 
-2,655 


384,008 










Net investment 


48,887 


47, 135 


46,501 


97, 370 


42,543 


101, 572 


384,008 






1925. 

New nlants 


50,700 
10,288 


42,100 
10,001 


46, 974 
9,334 


^88,400 
25, 781 


a 29, 420 
8,248 


109,120 

22,777 


366, 714 


Transmission svstem 


86,429 






Debit or credit to other divisions 


60,988 


52, 101 
+5,980 


56, 308 
-780 


114, 181 
-5,200 


37,668 
+1,435 


131, 897 
-1,435 


453, 143 








Net investment 


60,988 


58,081 


55,528 


108, 981 


39,103 


130, 462 


453, 143 






1939. 

New nlants 


91,750 
10, 916 


71,280 
17, 452 


77,545 
12,327 


a 154, 600 
28,975 


"42,800 
9,075 


151, 050 
25,448 


589,025 


TrAnflTninfrinn BVBtem - r r 


104, 193 






Debit or credit to other divisions 


102,666 


88,732 
+7,800 


89, 872 
-480 


183, 575 
-7,320 


51, 875 

+18, 340 


176, 498 
-18, 340 


693, 218 








Net investment 


102,666 


96,532 


89, 392 


176, 255 


70, 215 


158, 158 


693, 218 







a Includes a part of the investment in the Pittston plant. 
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Table 77. — CoH of power delivered from new power plants and tranamission tystem of superpower system for 1919, 1995, 

and 19S0, 



m 


Eastern New 
En^nd. 


Western New 
England- 


Mobawk- 
Hudson. 


1 

^15S!^"" ' Anthracite. 


Southern. 


Superpower 
eone. 


1919. 

Power ^millions of kUowatt-hours) : 

Delivered to division 


• 

3,016 

785 


1,671 
417 


1,313 
381 


5,590 
2,982 


3,005 
553 


4,669 
1,121 


19,264 


Generated by old plants 


6,239 






Delivered from new facilities 


2,231 


1,254 


932 


2,608 


2,452 


3,548 


13, 025 


Annual cost (thousands of dollars): 

Production cost, new plants 

TraTi*?TnifiBion cost 


16,690 

1,322 

630 


11, 167 

1,292 

438 


8,985 

1,494 

358 


fl 18, 210 
3,989 


a 10, 810 
1.191 


22, 659 

3,489 

915 


88,521 
12, 777 


General expense 


782 ' 420 


3,543 






Debit or credit to other divisions. . . 


18,642 


12, 897 


10, 837 
4-1,160 


22, 981 
-1, 160 


12, 421 
-f6, 670 


27, 063 
-6, 670 


104,841 










Total cost of power delivered 
from new facilities 


18,642 
$0.0084 


12, 897 
10. 0103 


11, 997 
10. 0129 


21, 821 
10.0084 


19,091 
10.0078 


20,393 
$0.0057 


104,841 


Cost per kilowatt-hour 


$0.0080 






1935. 

Power ^millions of kilowatt-hours): 
Delivered to division 


3,458 
785 


1,909 
417 


1, 767 
381 


6,903 
2,982 


2,600 
553 


6,233 
1,121 


22, 870 


Generated by old plants 


6,239 






Delivered from new facilities 


2,673 


1,492 


1,386 


3,921 


2,047 


5, 112 


16, 631 


Annual cost (thousands of dollars): 

Production cost, new pkuits 

Transniiflpion c^t 


22,385 

1,775 

845 


13,249 

1,655 

522 


12,381 

1,523 

487 


28,369 
4,282 
1,140 


09,991 ; 34,290 
1,407 , 3.752 


120, 665 
14, 394 


General expense 


398 


1. 3.^ 


4,722 




ua« ,„_ 




Debit or credit to other divisions. . . 


25,005 


15,426 
-M,405 


14, 391 

4-415 


33,791 
-1,820 


11,796 1 39,372 
-1-2, 106 -2. 105 


139, 781 






1 "^7 ^»»»^ 


' 




Total cost of power delivered 
from new facilities 


25,005 
10.0093 


16,831 
$0. 0113 


14,806 
10. 0107 


31, 971 
10.0082 


13,901 


37. 267 


139, 781 


Cost per kilowatt^hour 


10. 0068 $0. 0073 


$0.0084 






1980. 

Power (millions of kilowatt-hours): 

Delivered to division 


4,755 

797 


2,477 
417 


2,526 
361 


8,781 
2,296 


3,606 
553 


3,567 
1,121 


30, 712 


Generated by old plants 


5,547 






Delivered from new facilities 


3,958 


2,060 


2,165 ' 6,485 


3,053 


7,446 


26, 165 


Annual cost (thousands of dollars): 

Production cost, new plants 

TranRTniRRinn r(^t 


36,360 
1,882 
1,330 


18,085 

2,807 

795 


18,440 

2,072 

735 


49,190 
4,851 
1,835 


14, 695 

1,563 

755 


49,896 
4,160 
1,700 


186, 666 
17,335 


General expense 


7,150 






Debit or credit to other divisions. . . 


39, 572 


21,687 
-hi, 795 


21, 247 
4535 


55,876 
-2.330 


17, 013 
45,230 


55, 756 
-5, 230 


211, 151 










Total cost of power delivered 
from new facilities 


39, 572 
. $0. 0100 


23,482 
$0. 0114 


i 

21, 782 S3. 546 


22,243 
$0.0073 


50,526 
$0.0068 


211, 151 


Cost per kilowatt-hour 


10. 0101 


10.0083 


$0.0084 









a Inchides a part of the annual production cost of the Pittston plant. 



APPENDIX F. 

STEAM-ELECTRIC PLANTS FOR THE SUPERPOWER SYSTEM, 



By Henry Flood, jr.^ and others of the engineering staff. 



EXISTING PLANTS TO BE RETAINED. 
CAPACITY AND PBBFOBMANCB. 

The principal factor in determining whether or not a given plant shall be incorporated 
in the superpower system is fuel performance. Other factors, however, are strategic location 
for regulation of voltage and the adaptability of the plant to expansion. The total effective 
capacity to be retained, as shown by Table 78, is 79 per cent of the total effective capacity of 
the steam-electric plants on December 31, 1919. 

Table 78. — Capacity and performance in 1919 of steam-electric plants to he retained in the superpower system. 



Division. 



Bituminous coal plants: 
Eastern New England. 
Western New England. 

Mohawk 

Hudson 

Metropolitan 

Anthracite 

Southern 



Effective 

cftpacity 

(Idlowatts). 



514, 580 

171, 800 

31,750 

14,000 

1, 130, 500 

48,000 

632, 800 



2, 543, 430 



Output 
(mllUoas of 
kilowatt- 
hours). 



1, 290. 4 

294.4 

21.1 

33.1 

3, 474. 1 

164.3 

2,141.3 



7, 418. 7 



Anthracite plants: 

Anthracite 

Southern 



Grand total. 



111,500 
21,700 



480.2 
22.0 



133, 200 



502.2 



2, 676, 630 7, 920. 9 



Fuel used 
(thousands 

of short 

tons). 



1, 318. 5 

330.8 

52.0 

45.5 

3, 734. 

234.9 

1, 887. 9 



7,603.6 



979.5 
44.3 



1, 023. 8 



8, 627. 4 



Effective 
capacity 

factor 
(per cent). 



28.6 
19.5 
7.6 
26.8 
35.0 
39.2 
38.6 



33.2 



Coal used per 

kllowatt-rar 

of effective 

capacity 

(short tons). 



2.56 
1.93 
1.64 
3.25 
3.30 
4.90 
2.98 



2.90 



29.1 
11.5 



42.8 



8.78 
2.04 



7.68 



33.8 



3.23 



Figm-e 26 shows the estimated average fuel performance during 1919 of plants using anthra- 
cite and bituminous coal. The plants to be retained that burn bituminous coal are those that 
use not over 50 per cent more than the plants of type B-3 (see p. 185) and those to be retained 
that bum anthracite are those that use not over 125 per cent more coal than the plants of type 
A-3 (see p. 185). 

ESTIMATED INVESTMENT COST. 

In 1919 there were in operation m the superpower zone 400 steam-electric public-utility 
plants. Most of these plants were built so long ago that their cost can not readily be estimated. 
A knowledge of the investment made in existing plants is required for the purpose of com- 
puting the fixed charges and the total cost of energy. In comparing the total cost of power 
produced under a superpower system with the cost of that produced under independent operation 
the investment cost for each element of both systems must be computed in the same manner. 
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Figure 27 shows the estimated unit investment cost required for effective plant capacity 
and for excess generator capacity. Many of the existing plants have insufficient boiler capacity 

for the entire prime-mover installation, so that 
it is necessary to estimate the cost of excess 
generator capacity. These estimates are the 
result of an examination in detail of the items 
of cost of plants having capacities between 500 
and 175,000 kilowatts. To insure the use of 
fair cost values authorities on this subject 
have been consulted freely. 

The estimated cost of constructing, in mid- 
year of 1919, the steam-electric plants to be 
retained in the superpower system is as f oUdws : 

Eabtem New England $66,*235,000 

Western New England 24,550,000 

Mohawk 5,030,000 

Hudson...: 2,170,000 

Metropolitan 129,105,000 

AntJiracite 22,586,000 

Southern 79,543,000 

Superpower zone 329, 219, 000 
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10 20 30 40 50 

ANNUAL EFFECTIVE CAFWCITY FACTOR 

FiouBB 28.— Average performance of existing steam-electiio plants to be 

retained in the superpower system. 



o 



CAPACITY OF PLANT IN THOUSANDS OF KILOWATTS 



S S 



O 



F1GT7BB 27.— Estimated unit investment for existingsteam-electilc plants 

as if constructed In midyear of 1919. 



ESTIMATEB ANNUAL PBODTJCTION COST. 

The fixed charges for the plants to be retained, computed at 16 per cent of the investment 
cost given above, are stated below. (See also Appendix L.) The cost in 1919 for maintenance, 
labor, and supplies has been used, and the cost of coal as given in Appendix J. 

Anthracite $3,614,000 

Southern 12, 662, 000 



Eastern New England $10,606,000 

Western New England .* 3,928,000 

Mohawk 805,000 

Hudson 348,000 

Metropolitan 20,657,000 



Superpower zone 52, 620, 000 



Figures 28 and 29 give the average production cost of all existing steam-electric plants to 
be retained in the superpower system, and in Table 79 the operating cost, fixed charges, and 
total production costs of these plants are compared to the estimated annual cost of base-load 
steam-electric plants. 
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Figure 28.— Estimated average production and operating costs for ex- 
isting steam-electric plants burning bitumlDOus coal to be retained In 
superpower system. Coal figured at $5.30 per short ton In bunkers. 



10 20 30 40 

ANNUAL CAPACITY FACTOR 

Figure 29.— Estimated average cost of production and operation for ex- 
isting steam-electric plants burning anthracite to be retained in super- 
power system. Coal figured at 93 per long ton. 



Table 79. — CosUfor new and retained steam plants j at an annual capacity factor of SO per centy in cents per bilotvatt-hour. 



Plants burning bituminouB coal: 

Existing plants retained 

Base-loaa plants 

Difference 

Plants burning anthracite: 

Existing plants retained 

Base-loaa plants 

Difference 



Operating 
cost. 



0.77 
.49 



.28 



1.00 
.42 



.58 



Fixed 
charges. 



Total pro- 
duction 
cost. 



0.73 
.59 



1.50 
1.08 



.14 



.87 
.65 



.42 



1.87 
1.07 



.22 



.80 



NEW BASE-LOAD* PLANTS. 

LOCATION, CHABACTEB, SIZE, AND DESIGN. 

The location of the new base-load steam-electric plants will be determined largely by the 
availability of condensing water and the convenience and cost of coal delivery and storage. 

Except as qualified by character of load and relation to existing hydroelectric and steam- 
electric plants^ the new plants will be operated at high annual capacity factors. To provide 
flexibility in design and cost the plants will be constructed in midtiples of 30,000 kilowatts and 
may therefore use single-cylinder turbines of 30,000 kilowatts or multiple-cylinder turbines of 
60,000 kilowatts. 
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The maxiinum size of steam-electric station has been fixed at 360^000 kilowatts. This 
limit has been determined by considering on the one hand the ability to transmit energy away 
from the plant and on the other the hazard incident to the possibility of destruction tiirough 
unusual catastrophe. 

It is desirable to standardize as far as may be possible all the units or elements that enter 
into the construction of a plant, such as boiler equipment, turbines, transformers, and switch 
gear, in order to reduce the cost of maintenance, to obviate the need of carrying many small 
parts, and thus, by making quick repairs possible, to insure continuity of service. 

After consultation with many representatives of manufacturers of equipment and with 
designing and operating engineers, the following basic operating requirements for base-load 
steam-electric plants have been selected: 

Steam preasiire at turbine throttle, 300 pounds per square inch. 

Superheat at turbine throttle, 230^ F. 

Final temperature at turbine throttle, 652° F. 

Absolute pressure at turbine exhaust nozzle, 1 inch of mercury. 

These requirements have been thoroughly tried, and conformity with them should assure 
reliability of service. 

Base-load steam-electric plants are of two general types — type A, using anthracite, and type 
B, using bituminous coal. The two types in turn have been subdivided into three classes — 
class 1, stokers, boilers, economizers, and air preheaters; class 2, stokers, boilers, and econo- 
mizers; class 3, stokers and 20-tube high boilers. The stokers for type A are chain grate; those 
for type B are underfeed. The relative performance of these types, the relative investments, 
and the relative production costs are discussed in the following sections of this appendix. 

The load to be carried on these plants will not include sudden peaks of short duration. 
Such peaks as they will have to carry will be of long duration. Accordingly, a liberal boiler 
capacity has been planned for the turbines, ranging from about 4 kilowatts per boiler-horsepower 
for a plant of class 3 to about 4.65 kilowatts for a plant of class 1. The boiler plant can thus 
operate at a very high efficiency over the entire range of load. Plants of class 1 can carry 
about 175 per cent of their rating at normal loads and 215 per cent on sustained peaks; plants of 
class 3 can carry about 160 per cent on normal loads and 190 per cent on sustained peaks. The 
boiler and stoker arrangement is so planned, however, that 300 per cent rating can readily be 
obtained if necessary for peaks of short duration. Large combustion chambers are used, 
3i cubic feet per boiler-horsepower having been allowed. 

Should the burning of pulverized or process fuels become profitable in conjunction with the 
production of power, it will be possible to install the necessary apparatus with little expense, 
as this contingency has been considered in designing the boiler plant. 

With 30,000-kilowatt turbines surface condensers having approximately 50,000 square feet 
of surface will be used. This amoimt of surface may be varied at different localities because 
of local water conditions. Under average conditions of obtaining condensing water for the 
entire zone this amount of condenser capacity will be ample. 

Base-load stations will be located outside of congested centers of population. 

ESTIMATED PEKFOKMANOE. 

The estimated performance for base-load steam-electric plants is shown in Plate VIII for 
plants of types A-3, B-1, B-2, and B-3. 

It is not considered advisable to use pressures or temperatures higher than those indicated 
above, which are in successful use to-day, despite the fact that fuel economy may be increased 
by higher pressures and temperatures. 

The estimate of the performance of plants of type A was based upon the use of No, 3 buck- 
wheat coal having approximately the following characteristics : 

Moisture per cent. . 10. 8 

VolatUe matter do 4. 8 

Fixed carbon do 71. 6 

Ash do 13.8 

British thermal units 11. 500 
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The estimate of the performance of plants of type B was based upon the use of coal from 
the central Pennsylvania fields having the following characteristics: 

Moisture per cent. . 2.6 

Volatile matter do/. . . 24. 6 

Fixed carbon do 66. 

Aflh do 7.0 

British thermal units 14, 100 

The curves in Plate VIII show two performances; one called ''acceptance test conditions," 
meaning the best possible performance that may be expected from the plant, and one called 

. " annual/' meaning: the performance con- 
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CAPACITY IN THOUSANDS OF KILOWATTS 
FiQUBS SO.— Esttmated unit investmeint cost of base-load steam-electiio 



sidered throughout a year. The ''annual" 
performance was estimated according to actual 
operating conditions, under which the boiler- 
room equipment can not be kept clean enough 
to maintain test results, the tiu*bines are 
lapped at about 75 to 80 per cent load to pro- 
tect service, the vacuum varies, inferior coal 
must be used at times, and the boilers are 

banked when necessary. These actual oper- 
ating conditions have a large effect on 

plants burning anthracite. Based on prices prevailing In midyear of performance. It is planned tO Operate the 
1919. Type A-3, chain-grate stokers and boUers. T <• ^ -t . •.i *r j *i i j 

base-load plants with a uniform daily load 
by shifting the load swings either to the existing steam-electric plants or to such hydroelectric 
plants as may be found suitable for peak-load operation. On the assumption that the thermal 
eflBciency will increase up to 1930 at the present rate the annual performance represented by 
these estimates is a fair average for expected performance between 1920 and 1930. 

TJNIT INVESTMENT COST. 

The unit investment costs of plants of the several types considered in figures 30 and 31 
are based on the prices of material and labor in the midyear of 1919. These costs will provide 
sufficient land for a 360.000-kilowatt plant as 
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well as for coal storage and a process coal 
plant. The main coal-handling system and 
the main intake and discharge tunnels are 
adapted to a plant having a minimum capac- 
ity of 180,000 kilowatts. Intake and dis- 
charge laterals will be added to each imit as 
turbines are installed. The cost of a 60,000- 
kilowatt plant therefore includes land suffi- 
cient for its development to 360,000 kilowatts 
and coal-handling facilities and main con- 
denser tunnels for its development to 180,000 
kilowatts. 

Table 80 shows the estimated cost of three sizes and four types of base-load plants^ including 
the cost of superintendence, engineering, contingencies, and interest during construction. 
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CAPACITY IN THOUSANDS OF KILOWATTS 
FiouBi Sl.^Estimated unit investment cost of base^oad steam-eleotrle 

plants burning bituminous coal. Based on prices prevailing in mid- 
. year of 1919. Type B-1, underfeed stokers, boilers, eoonomiEers, and 

preheaters; B-2, underfeed stokers, boUers, and eoonomlzers; B-3, 

underfeed stokers and boilers. 
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Table 80. — Estimated unit investment per kUotoatt of capacity for haee-load steam-electric plarUs in midyear ^ 1919, 



Type of plant and capacity in kilowatts. 



Type A-3: 
120,000 
240,000 
360,000 

TypeB-1: 
120,000 
240,000 
360,000 

Type B-2: 
120,000 
240,000 
360,000 

Typ6 B-3: 
120,000 
240,000 
360,000 



Real estate 
and sea- 
sonal coal 
storage. 


Bdler 

house, 

complete. 


Turbine 

bouse. 

oompleie. 


Switching 

and 
feeders. 


$3.00 
2.10 
1.80 

3.00 
2.10 
L80 

3.00 
2.10 
1.80 

3.00 
2.10 
1.80 


$47.65 
44.34 
43.78 

50.10 
46.71 
46.13 

47.45 
44.06 
43.50 

44.75 
41.44 
40.88 


$57.20 
56.79 
55.00 

57.20 
56.79 
55.00 

57.20 
56.79 
55.00 

57.20 
56.79 
55.00 


$7.39 
7.37 
7.36 

7.39 
7.37 
7.36 

7.39 
7.37 
7.36 

7.39 
7.37 
7.36 



Total. 



$115. 24 
110.60 
107.94 

117. 69 
112. 89 
110. 29 

115.04 
110. 32 
107. 66 

112.34 
107. 70 
105.04 



TTNTT PRODUCTION COST. 

Unit production costs are subdivided into operating costs (fuel, maintenance, labor, and 
supplies) and fixed charges. The costs of maintenance, labor, and supplies for plants using 
bituminous and anthracite coal, as shown in figure 32, have been determined by detailed analyses 
of the operations of the largest steam-electric plants in the superpower zone. 

The total production cost varies with the type and size of plant and the cost of fuel. Typical 
costs are shown by the curves in figures 33 and 34 for types B-3 and A-3. The cost of bitu- 
minous coal has been fixed at $5.30 per short ton 
delivered to the plant bunkers, this being the ^ 
weighted cost for the zone in 1919. The cost of ^ so 
anthracite for plants type A-3 has been fixed at 5 
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FiouBB 32.— Estimated annual cost of maintenance, labor, and sap Fioukb 83.— Estimated annual production and operating costs Ux a plant 
plies for base-load steam-electric plants. Based on prices prevailing of type B-3^ capacity 300,000 kilowatts. Fuel figured at 15.30 per short 
in 1919. ton in bankers. 

$3 per long ton delivered to the plant* bunkers, this being approximately the cost at the 
anthracite mines plus the freight charge. 

Greater fuel economy would be gained by installing plants of high efficiency, but such 
plants (of classes 1 and 2) cost more per imit, and unless the saving in operating cost is so great 
as to bring a large return on the additional investment their installation is not warranted. By 
taking a return of 30 per cent on the additional capital required for plants of classes 1 and 2 
over that required for plants of class 3 as the point where the installation of plants of classes 
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1 and 2 is justified, any notable change in conditions that may occur — such as a large reduc- 
tion in the cost of coal, the development of water power, or the development of much more 
efficient methods of power production — ^is largely discoimted, for the additional investment will 
be counterbalanced in three or four years by the 30 per cent additional return on it. 
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Figure 34.— Estimated annual production and operating costs for a 
plant of type A-3, capacity 300,000 kilowatts. Fuel figured at S3 
per long ton in bunkers. 
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FioxTRE 35.— Conditions justlfjring the use of a plant of type B-1 or 
B-2 instead of a plant of type B-3. Based on a return of 30 per 
cent on the additional investment required. 



The adoption of plants of different types at different locations has been decided according 
to the curves in figure 35. The authorities on this subject are of two schools, one advocating 
a lesser return and the other a greater return than 30 per cent. Figure 35, based upon a 30 per 
cent return, expresses .the average opinion of these two schools. 

LOCATION AT TIDEWATER AND ON INLAND BIVEBS. 

The new base-load steam-electric plants for the superpower system have been so located 
as to obtain full advantage of low freight rates, available coal-delivery routes, and ample 
condensing water. 

Table 81. — Location and capacity of new base-load steam-electric plants. 



Using bituminous coal: 

Boston 

New Bedford 

Providence 

New Haven 

Hartford 

Utica 



Catakill... 
New York. 
Newark... 



Trenton 

Philadelphia. 
Harrlsburg. . . 



1925 



Num- 
ber of 
plants. 



Using anthracite: 

Sunbur>' 

Pittston 

Nescopeck. . 



Grand total 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



Capacity 
(kilowatts). 



11 



1 
1 
1 



14 



270,000 



180,000 

210,000 

90,000 

60,000 

180,000 

300,000 

90,000 

90,000 

240,000 

120,000 



1, 830, 000 



240,000 
300,000 
150,000 



Num- 
ber of 
plants. 



690, 000 



2, 520, 000 



2 
1 
1 
1 
1 
1 
1 
2 
1 
1 
2 
1 



15 



1 
1 
1 



18 



1030 



Capacity 
(kilowatts). 



450,000 
120,000 
240,000 
270,000 
120,000 
90,000 
270,000 
570,000 
180,000 
120,000 
420,000 
180,000 



3, 030, 000 



300,000 
300,000 
300,000 



900,000 



3, 930, 000 
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Reference to Appendix E (pp. 164-166) shows that the cost of coal per ton delivered to these 
proposed new base-load steam-electric plants is lower than to either the steam-electric plants 
retained or to the electric pubUc utiUties f or 1919. 

The plant locations for 1930 are shown on Plate X (p. 220) with reference to the coal-mining 
districts, the available coal-delivery routes, and the supply of condensing water. Their loca- 
tions with respect to the transmission system for both 1925 and 1930 are shown on Plates II 
and III (p. 14). 

For the Anthracite, Metropolitan, and Southern divisions the capacities of the steam- 
electric power plants have been so determined as to obtain the most economical combination 
with the hydroelectric plants on Potomac, Susquehanna, and Delaware rivers. Furthermore, 
the diversity in demand existing between the Anthracite and the Southern and Metropolitan 
divisions has been considered in determining the capacity of the plants to be installed. 

It would have been possible to supply the same amount of power from a smaller number 
of steam-electric plants having a capacity of about 300,000 kilowatts each, but in order to insure 
continuity of service the plants have been more widely distributed at a sUght increase of cost. 
However, with such a distribution of plant capacity future demand can be partly met by the 
enlargement of these plants. 

The procedure to be adopted for the development of the hydroelectric resources of the 
zone has a very important bearing upon the amoimt of steam-electric capacity to be installed. 
For instance, in the Mohawk-Hudson division it is proposed to start the development of Hudson 
River on the assumption of a high load factor, steam-electric plants being used to carry the 
peak load. This plan calls for the early installation of a relatively large amount of new steam- 
electric capacity for that division. However, when power from St. Lawrence River is supplied 
to this division the economical procedure will be to continue the development of Hudson River 
to handle peak loads and to install practically no further steam-electric capacity until the ulti- 
mate limit of development of St. Lawrence and Hudson rivers has been reached. 

PLANTS IN THE MININQ BEQIONS. 

The development of electric power within the coal regions is justified when the freight 
charges on the coal to the points of consmnption are greater than the value of the electric 
energy lost in transmission plus the fixed and operating chaiges on the transmission system, 
allowance being made for the saving in capitalization on generating equipment that will be 
permitted by diversity in loads between the interconnected load centers. 

ANTHRACITE FIELDS. 
8IZB AHD QUALITY OF AlTTH&ACTrS. 

Investigation shows that buckwheat No. 3 is the most economical size of anthracite for 
use on the stokers of superpower plants. The firing of powdered anthracite is being developed 
but has not yet been brought to the commercial stage. The quality, of anthracite from dif- 
ferent mines varies, especially as to its ash content. Improved boiler efficiency justifies the 
cost of ash removal by washing down to a content of about 15 per cent. The performance 
of steam-electric plants using anthracite is based upon coal having the following analysis: 
Moisture 9.8 per cent, volatile matter 4.6 per cent, fixed carbon 71.6 per cent, ash 13.8 per cent, 
British thermal units 11,500. 

QUAKTITT OF AKTHRAOITS AVAILABLE. 

Doubtless the peak of production of anthracite was reached during the World War, the 
output from the mines during that period being reinforced by washeries which reclaimed great 
quantities of the finer sizes of coal from culm banks. Most of the coal of size No. 3 has now 
been removed from the banks. There is no indication, however, that there will be any con- 
siderable falling off in the production of freshly mined coal for many years, and there is no 
reason for any appreciable change in the ratio of the smaller sizes to the total output. The 
statistics of the last few years are therefore a reliable indication of the quantity of buckwheat 
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No. 3 available for many years. The table given below is taken from a report of the United 
States Oeological Smvey on the production of Pennsylvania anthracite in 1919, by F. G. Tryon, 
supplemented by data obtained from the Anthracite Bureau of Information. The figures in 
the last column are a close approximation of the total output of buckwheat No. 3, for although 
no complete records are available upon the size of the fuel used by the mines, data obtained 
from individual mines indicate that it is almost exclusively buckwheat No. 3. 

Table 82. — ArUhradte prodiLcedin 1916-1919 ^ in long tons. 



Year. 



Total. 



1916. 
1917. 
1918. 
1919. 



78, 195, 083 
88, 939, 117 
88, 237, 526 
78, 653, 751 



Mine fuel used 

for power and 

heatliig.a 



8, 715, 071 
9, 321, 965 
9, 128, 526 
8, 573, 580 



Mine ftial used 
for power. 



7, 933, 120 
8, 432, 573 
8, 246, 151 
7, 787, 043 



Buckwheat 
No. 3 sold. 



3, 326, 879 
3, 136, 337 
5, 174, 403 
2, 377, 000 



Buckwheat 

NaS 
produoed.6 



11, 259, 999 
11, 568, 910 
13, 420, 554 
10, 164, 043 



a Probably almost ezcluslyely buckwheat No. 3. & Determined by assuming that all the mine fuel used for power is buckwheat No. 3. 

Estimates of the future supply of buckwheat No. 3 will show some reduction from the above 
figures, which include coal from washeries. Tryon in the report cited above states that 
1,650,000 tons of freshly mined buckwheat No. 3 was sold and 7,721,545 tons of freshly mined 
fuel was used for mine operations in 1919. It is estimated that the annual production of this 
size for the next 10 years should average about 9,000,000 tons. 

If all the mines are electrified, the coal thus released will be sufi^cient to serve all the demands 
for power at the mines and in addition to operate at their full capacity all the public-utility 
plants that now serve New York City, New Jersey, and the Philadelphia district. 

POSSIBLE SITES IK THE AHTH&AOITE BEOIOIT. 

The following streams within the anthracite region have been investigated with reference 
to their suitability for supplying condensing water: Portions of Susquehanna, Schuylkill, Lack- 
awanna, and Lehigh rivers; Shamokin, Mahonoy, Mahantango, Wiconisco, Wapwallowpen, 
Nescopeck, Catawissa, and Roaring creeks. All except the Susquehanna have been eliminated 
because of low flow, contamination, or both. Three sites on Susquehanna River are suggested— 
one north of Pittston, one near the mouth of Nescopeck Creek, and the third south of Simbury. 
At each of these points the water conditions are favorable for a 300,000-kilowatt plant. An 
adequate supply of suitable coal can be obtained within a radius of 25 miles. The length of 
haul is a minimum at Pittston. 

COST OS EKEEOT FBOM PUOTTS IH THE AUTH&AOITE BEOIOIT. 

Appendix E shows that by 1930 the total energy requirements of the Anthracite division 
should reach 3,606,000,000 kilowatt-hours, corresponding to a maximmn demand of 785,000 
kilowatts. The total generating capacity of the public-utility companies now serving the 
division is 230,000 kilowatts. Minimum operating cost would be obtained by carrying the 
entire load from the superpower system, but in order to conserve capital the more efficient of 
the present plants will be retained. 

The sizes of the plants and their location in the Anthracite division, together with their 
relation if interconnected with Delaware River, are discussed in Appendix E. The combination 
of the plants in the coal-mining region with Delaware River shows the greatest economic possi- 
bility to the Anthracite, Metropolitan, and Southern divisions. In view of the fact that the 
Anthracite division load reaches a maximum in the morning and falls off rapidly after 3 o'clock 
in the afternoon, there is considerable diversity between this load and the loads in adjacent 
territories. Furthermore, the anthracite mines operate on an average only 225 days in the year, 
so there is further diversity between the mines. If there were an interconnected system between 
the Anthracite and the other divisions considerable off-peak capacity would be available in 
the Anthracite division for supplying power to the Metropolitan and Southern divisions. 
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BITUMINOUS COAL FIELDS. - 
OEHBRAL OOimiTIOirS. 

On account of the adequate stream flow and the proximity of the Anthracite division to 
the superpower zone, steam-electric power in that division is an economic possibility. These 
favorable conditions, however, do not prevail in the bituminous coal region, nor will the power 
requirement of the southern load centers by 1930 be sufficiently high to permit the economical 
transmission of power from the bituminous coal fields. 

POSSIBLE SITES HT THE BITTTlCUrOITS GOAL REQIOir. 

Only three large streams flow from the eastern slope of the Allegheny Mountains — the 
West Branch of the Susquehanna, the Juniata, and the Potomac. The highest point on Sus- 
quehanna River deserving consideration in this connection is at Keating, where Sinnemahoning 
Creek joins the river. This point is about 20 miles from the Clearfield district, the nearest 
locality at which an adequate supply of coal can be obtained. The flow at Keating derived 
from stream-flow records at Renovo indicates that the output during dry periods would be 
limited to less than 100,000 kilowatts. 

Below the junction of the Frankstown and Raystown branches of Juniata River, near 
Huntingdon, the water supply is insufficient for a plant of a capacity exceeding 180,000 kilo- 
watts. At either Huntingdon or Mount Union railroad facilities are available for obtaining 
coal from the Broad Top field with a maximum haul of 30 miles, and t\ye distance from Hunt- 
ingdon to the Philipsburg district is 45 miles. ^ 

The West Branch of Potomac River reaches the coal fields near Cumberland, Md. At 
this point the local power company has a steam plant whose ultimate capacity is limited by 
the supply of water to about 30,000 kilowatts. About 30 miles below .Cumberland, near Green 
Spring, the South Branch adds a large volume of water, which will permit increasing the 
capacity to 180,000 kilowatts. 

A condition precedent for the economical transmission of power to tidewater is a capacity 
for delivered power of about 300,000 kilowatts, with transmission at a very high load factor. 
Sufficient condensing water is not available for the production of this amount of power on any 
of the streams in the eastern bituminous coal region. This fact, however, does not preclude the 
future development of power capacity with proper regulation of these rivers by storage. On 
Potomac River hydroelectric developments are contemplated at Great Falls, near Washington, 
which involve controlling the river flow by means of large reservoirs on the South Branch. 
When this plan is carried out the stream flow at the proposed site will be adequate for a 300,000- 
kilowatt steam plant. Coal for such a plant would come largely from the Georges Creek field, 
with an average haul of about 35 miles. 

Ultimately steam-electric power plants may be profitably developed at sites near the 
bituminous mines, especially after the electrification of railroads has been extended sufficiently 
tp create considerable demand for power within economical transmission distances from these 

sites. 

tasei'*— 21 ^18 



APPENDIX G. 

HYDROELECTRIC PLANTS FOR THE SUPERPOWER SYSTEM 



By L. E. Imlat, L. A. Whitsit, B. J. Peterson, and others of the engineering staff. 



THE USE OF HYDROELECTRIC PLANTS. 

The installation of hydroelectric plants is justified where the interest on the investment 
plus the cost of operation amounts to less than that for steam-electric plants, so that the eco- 
nomical proportions of water and steam development must depend upon the cost of money, 
coal, and labor. 

Hydroelectric plants can be classified as of three types, the type depending upon the 
character of the stream flow, namely: 

1. Uniform stream flow by which the output may be maintained for 24 hours a day. 

2. Variable stream flow without storage. A hydroelectric plant of this type is especially 
useful in a large interconnected system, but less so if it supphes a single system, for then the 
economical use of water is most difficult, if not impossible. The flow curve of such a river is 
as clearly defined as the load curve of the power market, and evidently power must be wasted 
unless either the load curve of the market is coincident with the flow of the river or the market 
load is sufficiently large to absorb the entire hourly output of the plant. It is obvious that 
the load of a large interconnected system can absorb the hourly output of a plant of this type. 

3. Variable stream flow with storage, which provides water for carrying peak loads. The 
maximmn attainablo^Joad factor for the superpower system will probably be 50 per cent. 
With such a load factor "W per cent of energy (in kilowatt-hours) will carry a 50 per cent peak 
load (in kilowatts). It is therefore apparent that the value of water storage will lie in the 
utilization of the stored kilowatt-hours for carrying peak load, inasmuch as, after the dam and 
head works of the hydroelectric plant have been installed, the investment in generator capacity 
is but half as much as that for a complete steam-electric plant. In other words, stored water 
should be held in reserve for peak load. 

POTENTLAIi HYDROELECTRIC DEVELOPMENTS- 

GEKEBAL CONSIDEBATIONS. 

The investigation of potential hydroelectric development is limited to the major hydro- 
electric resources of the superpower zone and to such outside sources of hydroelectric energy 
as may be reasonably expected to contribute to it. The principal rivers involved are the 
Potomac, Susquehanna, Delaware, Hudson, Black, Raquette, Connecticut, St. Lawrence, and 
Niagara. (See PI. IX.) The Niagara at Niagara Falls contains the largest single potential 
hydroelectric power development on the North American continent. It is within transmission 
distance of the superpower zone, but its development beyond what is already provided for is 
prevented for an indefinite time by international treaty. All the power resources of the zone 
are not included in these studies, those below 5,000 kilowatts in capacity being disregarded 
except where contiguous sites of smaller capacity aggregate more than that amount. These 
small powers will be developed as local conditions warrant, and the plants will be connected to 
the superpower system through the faciUties of the electric public-utility companies. The 
superpower system will permit the earlier construction of the smaller plants by providing a 
market for energy not required locally. 
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The following table gives a general idea of the characteristics that affect the availability 
of the rivers for- power: 

Table 83. — Characteristics of rivers that may furnish power in the superpower zone. 



BlTW. 



Potomac 

Susquehanna. 

Delaware 

Hudson 

Raquette 

Connecticut. . 
St. Lawrence. 
Niagara 



Poiiit ofraoard. 



Great Falba 

Hiurisbui^.. 
Port Jervia. . 
Spier Falls.. 
Piercefield.. 
Sunderland.. 
Lock 23 



Natnrsl 

nin-oflSO 

per cent of 

the time 

In year 
of average 

stream 
flow 

(second- 
feet). 



6,500 

19,500 

3,100 

3,000 

900 

8,160 

235,000 

212,000 



Lowest 
recorded 
daily 
run-off 
(second- 
feet). 



660 

2,000 

175 

n 

c 1, 330 

« 182, 000 

170,000 



Possible 

continuous 

reeulated 

flow in 

average 

year 
(second- 
feet). 



7,650 



4,600 
4,200 
1,430 



Total 
drainage 

area 
(square 
milee). 



11,600 

24,100 

3,100 

2,800 

723 

8,000 

285,000 

254,700 



Fall avail- 
able for 
I>ower de- 
velopment 
(feet). 



215 

220 

600 

1,500 

1,360 

«378 

85 

310 



a Flow at Oreat Falls determined from records of flow of Potomac River at Point of Rocks, Md., and Monocacy River near Frederick, Ud. 

b Stream flow affected bv operation of power plant. 

c Mean of low week September, i8M, determined from records of flow at Holyoke. Flow somewhat affected by existing plants. 

d Net head used in report. 

« Mean for January, 1893. 

All these streams except the St. Lawrence and Niagara rise in the Appalachian Mountains. 
The fall indicated as available for power development in most of the rivers is but a small fraction 
of the total fall. The developments proposed are practical. 

The following table indicates the hydroelectric power resources that are considered econom- 
ical for supplpng the energy requirements of the superpower zone in 1930: 

Table 84. — Bydroelectric power resources for 19S0, 



River. 



Potomac 

SuBquehanna 

Delaware 

Hudson 

Connecticut. 




Primary 

powor 

(kilowatts). 



18,000 
82,000 
68,000 
29,000 



24-lioiir power 
(kilowatt-hoars). 



302, 000, 000 
158, 000, 000 
717, 000, 000 
595, 000, 000 
254, 000, 000 



Econom- 
ical devel- 

opment 
(kOowatts). 



200,000 
185,000 
350,000 
150,000 
165,000 



The quantity of water available for the production of power at the several sites was deter- 
mined from stream-flow measurements made by the United States Geological Survey or by the 
State governments. The period of record used for most of the power estimates was 15 years 
and extended from October 1, 1904, to September 30, 1919. The power and reservoir sites were 
located from State reports, reports of private engineers, topographic drawings, and personal 
investigation by the engineering staff. Stream-flow and power-duration curves for reservoir 
and power sites were plotted for average and minimum years. 

Development of primary power on all the streams under consideration, except the Niagara 
and St. Lawrence, involves the provision of large storage-reservoir capacity. There must be in 
addition ample forebay capacity at each power plant for peak-load operation. The construction 
of hydroelectric plants for base-load operations results in the lowest investment and production 
cost, and additional capacity for peak-load operation is obtained at about one-half the cost 
of an equivalent amount of steam-generating capacity. 

The developments proposed in the estimates for 1925 and 1930 can be justified only if they 
are included in an interconnected system, as otherwise their output can not be economically 
absorbed by the power market. 
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For the rivers that are not included in the 1921-1930 program estimates are given showing 
the resources that can be developed in average years, together with the investment and pro- 
duction costs. 

At practically all sites where hydroelectric plants are designed for peak-load operation 
there are considerable periods during each year when t];iere is sufficient water to generate energy 
in excess of peak-load requirements. At such times the hydroelectric plants will be operated at 
full capacity, thus saving coal that would otherwise be burned in the steam plants of the system. 

The recommended capacity for most of the proposed hydroelectric plants is larger than 
has been recommended in the past for use with individual electric pubhc-utility systems. This 
is possible only through the interconnected system, which permits full advantage to be taken 
of peak-load development and of secondary power from hydroelectric plants. 

In estimating the over-all efficiency of hydroelectric plants 80 per cent has been taken as 
the combined efficiency of turbines, generators, and auxiliary equipment and is appUed to the 
iiet operating head between forebay and tail race. 

POTOMAC BIVER. 

The Potomac rises in the mountains of West Virginia and flows into Chesapeake Bay. It 
,is not regulated to any appreciable extent, and the flow at Great Falls ranges from 653 to 248,000 
second-feet and averages 11,900 second-feet. The drainage area is 11,500 square miles, and the 
annual rainfall is between 35 and 40 inches. 
The fall from Point of Rocks^ Md., to tidewater 
near the boundary line of the District of 
Columbia is 204 feet, of which 151 feet is below 
the aqueduct dam at Great Falls, 10.5 miles 
above the District line. 
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FiQUBX 36.— Estimated power available fram proposed hydroelectric de> Fioube C7.— Estimated power available tram proposed hydroelectric de- 
velopment of Potomac River for 1923. Total power, average year, velqpment of Potomac River for 1930. Total power, average year, 
634,000,000 kilowatt-hoiin; TninimnTn year, 480,000,000 kUowatt-hours. 950,000,000 kilowatt-hoars; minimum year, 725.000,000 kilowatt-hours. 
Power site 1 (PI. IX). Power sites 1 and 2 (PI, IX). 

There are sites available for storage reservoirs on Great Cacapon River, a tributary stream, 
where the capacity is 15.6 billion cubic feet; on North Fork of Shenandoah River near Brocks 
Gap, where the capacity is 4.8 billion cubic feet; farther downstream on Shenandoah River, 
where the capacity is 1 1.2 billion feet; and on the South Branch of the Potomac near its junction 
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with the mam rivor^ where the capacity is 20.2 billion cubic feet. Fm'thermore, the dam at 
Great Falls will provide a combined storage reservoir and forebay with a capacity of 13.1 
billion cubic feet, making a total storage capacity of 65 biUion cubic feet. 

The most favorable locations for power development are at Great Falls and Chain Bridge, 
where, by the construction of two dams, a head of 216 feet may be utilized. (For duration of 
flow expressed in kilowatts at these power sites see figs. 36 and 37.) The following table gives 
the essential data on this project, which includes the two plants, with necessary reservoir 
capacity: 

Tablb 85. — Potoer development on Potomac River, 



Reservoir capacity billion cubic feet 

Operating head feet 

Installed generator capacity kilowatts 

Output: ^t 

Average year j^^ kilowatt-hours 

MiTiimiiTTi year do . . 

Investment cost ; 

Annual prod uction cost 

General expense 

Total annual cost 

Time required to complete years 



Proposed development. 



1925 



13.07 

139.5 

126,000 

634,000,000 
480,000,000 
$15, 000, 000 



12, 165, 000 
75,000 



2,240,000 
2 



1930 



13.07 

205 

200,000 

950, 000, 000 
725, 000, 000 
$22, 000, 000 



$3, 190, 000 
110,000 



3,300,000 
2 



Ponlble olttmato 
development. 



64.97 

205 

600,000 

1, 370, 000, 000 

1, 030, 000, 000 

$60,000,000 



$8, 790, 000 
310,000 



9, 100, 000 
3 



SUSQXTEHANNA BIVBB. 

The Susquehanna has its headwaters in 
southern New York and in the highlands of 
northwestern Pennsylvania and empties into 
Chesapeake Bay. The drainage area above 
Harrisburg is 24,100 square miles, and the 
flow at that point ranges from 2,000 to 
700,000 second-feet and averages 19,500 seo- 
ond-f eet. The average annual rainfall on the 
area is 40 inches. In the lower 35 miles of 
the coiu'se of the river there is a fall of 220 
feet so distributed that most of it may be 
utilized for power at four points — Conestoga, 
Holtwood, Conowingo, and a point about 2 
miles above Port Deposit. There is abready 
a power plant at Holtwood, which may be ad- 
vantageously enlarged when the demand for 
power justifies it. (For d\u*ation of flow ex- 
pressed in second-feet per square mile at 
Harrisburg, see fig. 38.) 

The Susquehanna has no favorable sites 
for storage reservoirs and therefore must be 
developed for "run of river" power. Power 
development at the Conowingo site is ham- 
pered by the fact that the railroad parallels 
the stream just above high-water level, and 
thus large expenditure would be required for 
relocating railroad tracks. 

The following table gives the data on de- 
velopment of the river at the four points 
above mentioned: 
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Figure 38.— Curves showing duration of flow of Susquehanna River At 
Harrisburg, Pa. Drainage area, 24,100 squans miles. 
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Table 86'. — Power development on Susquehanna River, 



Total operating head, including Holtwood feet 

Installed new generating capacity kilowatts 

Output: 

Average year kilowatt-hours 

Minimum year do. . 

Investment cost 

Annual production cost 

General expense 

Total annual cost 

Time required to complete years 



Proposed development. 



1925 



131 
120,000 

800, 000, 000 
580,000,000 
$18, 000, 000 



$2, 510, 000 
90,000 



2,600,000 
2 



1030 



174 
. 185, 000 

1, 230, 000, 000 
900,000,000 
$28, 000, 000 



$3, 961, 000 
139,000 



4, 100, 000 
2 



Possible ultimate 
development. 



204 
620,000 

2, 700, 000, 000 

1,850,000,000 

$64,000,000 



$9, 484, 568 
335, 432 



9, 820, 000 
2 



DEIiAWABB BIVEB. 

The headwaters of Delaware River are in the Catskill Mountains, and it empties into Dela- 
ware Bay. The drainage area above Port Jervis is 3,100 square miles, and the natural stream 
flow at that point ranged from 175 second-feet 
in September, 1908, to a maximum of 108,000 
second-feet in February, 1909. The average 
annual rainfall on the area is about 40 inches. 
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FIOUBX 39.— Estimated power available from proposed hTdroelectric 
development of Delaware River for 1025. Total power, average year, 
860,000,000 kilowatt-hours; miTiimnin year, 650,000,000 kilowatt-bours. 
Reservoir A (PI. IX), 12 bUlion cubic feet. Power sites 6 (storage 7.6 
blUion cubic feet), 7, 10, 12, 13, 15^ 16 (PI. IX). 
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FioxJBE 40.— Estimated power available tram proposed hydioelectrlo 
development of Delaware River for 1930, Total power, average year, 
1,250,000,000 kilowatt-hoors; minimum year, 1,030,000,000 kilowatt- 
hours. Reservoirs A (PI. IX), 12 bUlion cubic feet; B, 5 blUion cuUo 
feet; D, 8 billion cubic feet; E, 3 bUlion cubic feet. Power sites 1, 2, 4, 
5, 6 (storage 7.5 bUlion cubic feet), 7, 10, 12, 13, 14, 15, 16 (PL IX). 
Total stOTage 35.5 billion cubic feet. 



Between Hancock and Belvidere, a distance of 125 miles, there is a fall of 600 feet. The develop- 
ment proposed is to be effected by means of a series of dams^ each of which will back up the 
water to the next site above. It is proposed ultimately to develop 12 sites on the main river, 
one on Wallenpaupack Creek, one on Shohola Creek, and one on Mongaup Kiver. On the 
Delaware also power development is hampered by the presence of railroad tracks along the 
banks of the stream, but in the proposals for development the height of dams has been restricted 
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so that only at one site will the grade of the railroad have to be changed. The power plants on 
the Delaware will be located at the dams, but for those on the three tributary streams tunnels 
will be required. 

Owing to the wide variation in the- flow of this river storage reservoirs will be absolutely neces- 
sary in its development. There are a number of favorable sites on the east and west branches 
above Hancock, and also one on each of the tributary streams on which developments are pro- 
posed. A capacity of 50 billion cubic feet can be provided in eight reservoirs, which are shown 
on Plate IX. Practically all the sites have a forebay capacity which will enable the plants to 
be operated on peak loads at a low capacity factor. (For duration of flow expressed in kilo- 
watts at these power sites see figs. 39 and 40.) 

The following table gives the data on development of Delaware River and its tributaries: 

Table 87. — Power development on Delaware River, 



Propoeed development. 



I 



Reservoir capacity billion cubic feet. 

Total operating head, Delaware River feet. 

Head on Wallenpaupack Creek do. . . 

Head on Shohola Cieek do. . . 

Head on Moncaup River do. . . 

Total installed generator capacity kilowatts. 

Output: 

Average year kilowatt-houis . 

Minimum year do . . . 

Investment cost 



Annual production cost. 
General expense 



Total annual cost 

Time required to complete years. 



1925 



19.5 
279 
280 



183,000 

850, 000, 000 
650,000,000 
125, 700, 000 



13, 730, 000 
130,000 



3, 860, 000 
2 



1980 



Poesible oltiniate 
development. 



35.5 
453 
280 



350,000 

1, 250, 000, 000 
985, 000, 000 
$51, 500, 000 



17, 450, 000 
260,000 



7, 710, 000 
2 



50.0 
471 
280 
580 
430 
668,500 

1, 490, 000, 000 

1, 210, 000, 000 

$86,500,000 



$12, 630, 000 
440,000 



13, 070, 000 
4 



HT7DSOK BIVEB. 

Hudson River rises in the Adirondack Mountains and empties into the Atlantic Ocean at 
New York. The drainage area at Spier Falls is 2,800 square miles and at Troy 8,100 square 
miles. The stream flow at Spier Falls ranged from 660 second-feet, the mean for the low 
week in September, 1913, to 84,200 second-feet in March, 1913. The average annual rainfall 
on the area is about 45 inches. There is a gross fall of 975 feet between Ort Falls and Hadley. 
A large number of hydroelectric plants have been built on the Hudson, and complete develop- 
ment would involve about 16 new plants and reconstruction or replacement of 14 existing plants. 
(For duration of flow expressed in kilowatts at these power sites see figs. 41 and 42, p. 198.) 

There are four available storage reservoir sites — ^Lake Piseco, 4.3 billion cubic feet; Sacan- 
daga River at Conklingville, 37 billion cubic feet; Schroon Lake at Alder Brook, 12 billion cubic 
feet; and Indian River at Bullhead Pond, 10 billion cubic feet; total, 63.3 billion cubic feet. 

Tablb 88. — Power development on Hudson River. 



Propoeed development. 



ReBervoir capacity billion cubic feet 

Installed generator capacity kilowatts 

Output: 

Average year kilowatt-houis 

Minimum year do. . 

Investment cost 

Annual production cost 

General expense 

Total annual cost 

Time required to complete years 

a Gross capacity including present storage of 4.6 billion cubic feet. 



1926 



1830 



olO 
100,000 

380, 000, 000 
330,000,000 
120, 124, 000 



12, 815, 000 
99,000 



a 10 
150,000 

900,000,000 
800,000,000 
138, 350, 000 



$5, 250, 000 
200,000 



2, 914, 000 
2 



6, 450, 000 
2 



Possible ultimate 
development. 



a63.3 
430,000 

1, 560, 000, 000 

1, 370, 000, 000 

174, 384, 000 



$10, 520, 000 
370,000 



10, 890, 000 
3 
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FiouBE 41.— Estimated power avallftble tram proposed hydroelectric 
development of Hudson River for 1085. Total power, average year, 
880,000,000 kilowatt-hours; minimum year, 330,000,000 kilowatt- hours. 
Reservoir A (PI. IX), net increased storage 6.1 billion cubic feet. 
Power sites 7, 8, 9, 10, 11 (PI. IX). 
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FiouiUE 42.— Estimated power available fhmi proposed hydroelectric 
development of Hudson River for 1930. Total power, average year, 
900,000,000 kilowatt-hoars; minimum year, 800,000,000 kilowatt- 
hours. Reservoir A (PI . IX), net increased storage 6.1 billion cubic 
feet. Power sites 1, 2, 3» 4, 6, 6« 7, 8» 9, 10, 11, 14, 16, 17 (PI. IX). 



RAQUBTTB BIVBB. 

Raquette River rises in the Adirondack Mountains and empties into the St. Lawrence near 
Cornwall. The drainage area at Raymondsville is 1,070 square miles, and the stream flow 
at Piercefield ranged from 58 second-feet, the mean for the low two- week period in September, 
1913, to 6,970 second-feet in April, 1913. The average annual rainfall on the area is 48 inches. 
In 72 miles of this river between Piercefield and Raymondsville there is a fall of 1,360 feet. 

The drainage area of Raquette River contains a number of natural lakes, which may be 
developed into storage reservoirs by the construction of dams at their outlets. It is estimated 
that 16 billion cubic feet of water may be stored in this maimer. 

The following statement gives the data of development for Raquette River at 15 sites, at 
some of which reconstruction of existing plants will be required. 



Table 89. — Possible uUimate power developrrunt on Raquette River. 

Reservoir capacity billion cubic feet. . 

Total net head feet. . 

Hew installed generator capacity kilowatts. . 

Net output: 

Average year kilowatt-hours. . 

, Minimum year do 



16.0 

038 

110,000 

800,000,000 
670,000,000 



Investment cost $26,500,000 

Annual production cost $3, 745, 000 

General expense 130, 000 

Totol annual cost 3,875,000 



Black River rises in the Adirondack Mountains, flows westward, and empties into Lake 
Ontario near Sacketts Harbor. The drainage area above Felt Mills is 1,851 square miles. The 
stream flow is affected by artificial regulation and has ranged from 400 second-feet, the mean 
for the low week, to 32,166 second-feet. The average annual rainfall on the area is about 45 
inches. On Black River proper the main fall is one of 480 feet between Dexter and Carthage, 
a distance of 31 miles. Beaver River, a tributary, has a fall of 1,024 feet in 55 miles, and 
Moose River, another tributary, has a fall of 1,087 feet in 45 miles. 
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A large number of small lakes in the Adirondack Mountains form natural storage reservoirs, 
and it is proposed to improve these at six sites on Black River and its tributaries to provide 
an ultimate storage capacity of 21.5 billion cubic feet. 

There are 33 existing power plants in this drainage basin, most of which are used for mak- 
ing paper pulp. There are 11 undeveloped sites on Black River and its tributaries. 

The following statement gives the data on these developments and includes estimates for 
the reconstruction of such existing plants as may be justified and for increasing the reservoir 
capacity 20 billion cubic feet. 

Table 90. — Possible ultimate power development on Black River, 

Reservoir capacity (including 1.5 billion cubic feet of existing storage), 
billion cubic feet. . 21. 5 

New installed generator capacity. kilowatts . . 80, 000 

Output: 

Average year kilowatt hours.. 350,000,000 

Minimum year do 315, 000, 000 

Total inveetmemt cost $16, 500, 000 

Annual production cost * $2,290,000 

General expense 80,000 

Totel annual cost 2,370,000 

lime required to complete years. . 2 

CONNECTICUT BIVER. 

Connecticut River rises in the Province of Quebec, Canada, and flows into Long Island Sound 
about 60 miles east of New Haven. The drainage ar^a is 8,000 square miles, and the stream 

flow at Sunderland, Mass., ranged from 1,330 
second-feet, the mean for the low week in Sep- 
tember, 1894, to 110,000 second-feet in April, 
1895. Between Fifteen Mile Falls, N. H., and 
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FiotrBX 43.— Estimated power available from proposed hydroelectric 
development of Coxmecticut River for 1025. Total power, exdosive 
of storage, average year, 230,000,000 kilowatt-hours; mtnimnTn j^ear, 
160,000,000 kilowatt-hours. Powersite 5 (PI. IX). 



FiouBK 44.— Estimated power available from proposed hydroelectric 
development of Connecticut River for 1930. Total power, exclusive 
of storage, average year, 760,000^000 kilowatt-hours; TninimiiTn year, 
510,000,000 kUowatt-hours. Power sites 1, 3, 4, 6 (PI. IX). 



Windsor Locks, Conn., there is an aggregate usable fall of 428 feet, including redevelopment of 
the Bellows Falls site but excluding other developed sites. This fall is divided as follows : Fifteen 
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Mile Falls, 260 feet; Piermont, 60 feet; Quechee Falls, 45 feet; Bellows Falls, 50 feet; Windsor 
Locks, 33 feet. (For duration of flow expressed in kilowatts at these power sites see figs. 43-46.) 

A small amount of storage has been developed and is now used for logging operations and 
for the development of power. The conditions are favorable for the development of additional 
storage, which will not only benefit new plants but greatly improve operating conditions at 
existing plants. 

The following table gives data on potential developments at five power sites, which include 

redevelopment of the Bellows Falls site. The statement does not include additional reservoir 

capacity: 

Table 91. — Power development on Connecticut River. 



Total operating head feet 

Installed generator capacity kilowatts 

Output: 

Average year kilowatt-hours 

Minimum year do. . 

Investment cost * 

Annual production cost 

General expense 

Total annual cost 



Proposed dovelc^ment. 



1925 



33 
50,000 

230, 000, 000 

150, 000, 000 

19, 000, 000 



$1,256,000 
44,000 



1930 



428 
165,000 

760, 000, 000 
510, 000, 000 
$29, 000, 000 



1,300,000 



$4, 130, 000 
140,000 



4, 270, 000 



Possible ultimate 

development 
without storage. 



428 
165,000 

760, 000, 000 
510, 000, 000 
$29, 000, 000 



$4, 130, 000 
140,000 



4, 270, 000 
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ST. LAWBBNCE BIVBB. 

The portion of St. Lawrence River here considered lies between Lake Ontario and a point 
near Cornwall, where the international boundary diverges from the river in an easterly direc- 
tion. An investigation is now being made by 
engineers of the United States and Canadian 
governments looking to the development of 
the river in the vicinity of Long Saidt and 
Bamhardts Island. The fall available is about 
80 feet; and it is estimated that generating 
capacity of about 1,200,000 kilowatts can be 
installed to yield an annual output of more 
than 10,000,000,000 kilowatt-hours. It is as- 
sumed that the ownership of one-half of this 
output will be allocated to the United States 
Grovemment. The outstanding feature of this 
development is that the storage capacity of 
the Great Lakes, which drain an area of 
278,700 square miles, furnishes almost com- 
plete regulation of the river flow. The lowest 
recorded average flow for a month is 186,000 
second-feet, which is about 80 per cent of the 
average continuous flow. 

No estimate of the cost of development will 
be given here, as such an estimate is now being 
made by the engineers of the two governments. The cost, however, should be lower per unit 
than that of any of the developments on which estimates are given in this report, on account of 
the size of the development and because a large portion of the expenditure will be made for the 
improvement of navigation. 
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FxouKK 45.— Curves showing duration of power on Connecticut River 

at Bellows Falls, Vt. 
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NIAGABA BIVBB. 

Niagara River is about 30 miles in length and drains Lake Erie into Lake Ontario. The 
difference in elevation between these two lakes is about 330 feet. The fall between Lake Erie 
and the river level at the beginning of the rapids above the main falls is 9 feet, between this 
point and the middle pool below the falls 220 feet, and between the middle pool and Lake 
Ontario 101 feet. The characteristics of stream flow are much the same as those of the St. 
Lawrence, but the flow is subject to daily variations due to wind. 

The water that can be diverted at Niagara Falls for the generation of power is now limited 
by international treaty to 20,000 second-feet on the American side of the river and to 36,000 
second-feet on the Canadian side. Practically the whole of this permitted diversion has been 
made, and no further developments are possible so long as the present treaty is in force. It 
may be abrogated on one year's notice from either party. 

The question of additional diversion of water from the river for power is somewhat com- 
pHcated with the navigation of Lake Erie, as any large increase in diversion will tend to lower 
the lake level. By the construction of remedial works at the outlet of Lake Erie, however, it 
will be practicable to increase the amount of water diverted for power without impairing the 
navigability of the lake. The scenic beauty of the falls may be preserved by constructing 
works that will distribute the flow more untformly over the crest. This power would prob- 
ably be cheaper to develop than St. Lawrence power and would be equally available for use 
in the superpower zone. 

THE BIVSBS OF MAINE. 

In addition to the resources described above there is considerable undeveloped power in 
the State of Maine which is within transmission distance of the northeastern part of the super- 
power zone. As hydroelectric, energy generated in Maine can not, imder the present laws of 
that State, be transmitted outside its boundaries, these potential developments have not been 
analyzed in detail. 

The following figures taken from the report of a special water-power investigation by the 
PubUc Utilities Ciommission of Maine for 1918 give an idea of the magnitude of these resources: 

Table 92, — Water-power resources of Maine. 
[Horsepower available for 05 per cent of an average year.] 



River. 



Pish 

Allagaah 

Presumpecot. 

St. Croix 

Union 

Kennebec 

Saco 

Androscoggin. 
Penobscot 



Present conditioEis. 



Developed. 



5,400 
13,000 

1,600 
26,000 
11,000 
77,800 
92,000 



226,000 



Und»> 
velqped. 



3,600 
3,600 



4,000 



50,000 

7,000 

28,000 

47,000 



143, 200 



Total. 



3,600 

3,600 

5,400 

17,000 

1,600 

76,000 

18,000 

105,800 

139,000 



370,000 



Conditions after regulation. 



Developed. 



10,000 
14,000 
5,000 
56,000 
24,000 
85,000 
110,000 



310,000 



Unde- 
veloped. 



Total. 



6,400 
8,600 



4,000 



105,000 
15,000 
31,000 
67,000 



237,000 



6,400 

8,600 

10,000 

18,000 

5,000 

161,000 

39,000 

115,000 

177,000 



547,000 



CAPACITY AND OUTPUT OF EXISTING HYBROELECTRIC PLANTS. 

The following tabfe shows the location of hydroelectric generating capacity in operation 
in the superpower zone and its output for 1919. The table gives an estimate of the capacity 
that can be furnished for the annual peak under low-water conditions and the annual output 
for the average and minumum year. 
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T&BLB 93, — HydrotUOri^ plant* in mperpovxr am*. 





ItaMM 
tttunVx 




Annul 






Aymttyi. 


Mlninnunw«. 




96,000 

111,530 

lie, 150 

8,710 

8,690 

5; 080 

105,340 


292. H 
303.45 
390.41 
24.70 
22.80 
17.22 
612.07 


42,836 
61,130 
45,110 

866 
2,415 

680 
63,720 


269,020,000 
340, 015, 000 
341, 450, 000 
22, 120, 000 
19,980,000 
18, 054, 000 
548,790,000 


190,615,000 




Mdmwk 


276, 020, 000 








15^990,000 
12, 987, 000 












451,500 


1,663.19 


196,735 


1,567,429,000 


1, 117, 607, 000 



TTNIT AND TOTAL INVE8TME»JT C08T. 

The unit inTestment cost for hydroelectric ^nerating equipment is given in figure 46 for 
operating heads of 20, 40, 80, 120, and 400 feet and for generating unite ranging in size from 

5,000 to 30,000 kilowatte. These unit costo 
i are based on prices in the midyear of 1919 

I and include turbines, generators, low-tension 

i switch gear, wiring erected, interest during 

* construction, superintendence, engineering, 

i and contingent expenses. They are applicable 

S to all units except those first installed, for 

5 which 8 per cent must be added to cover de- 

8 velopment chaises. The unit costs were com- 

^ „ ,s „ „ JO piled from information furnished by the prin- 

^.^^ manufacturing companies in this country. 
In estimating the reproduction coat of the 
existing hydroelectric generating plants as 
shown below consideration was given to the 
size of the plant, the operating head, and the other characteristics of individual plants, and the 
estimates were checked by data furnished by the owners. 



natjnw.— Unit cost loT complete hydroeleotrla equipment Installed, 
[ordUrarmtoperatl[i|ilKadJlanild;eatofmS. Includes turbmn, 
genenton, low^leaalun switdi gear and MiliiK. Interest dnrlDECo- 
■truction, superintendence, en^eerlug, and contlngendca. A d 
vslopment charge d( B par Dent agalnit the flret unit ihould be addad. 



Eaatom New EnglMid $16,501,000 

Weetem New England 16, 713, 000 

Molawk 24,442,000 

Hetiopolitan 2,660,000 



Hudeon 11,693.000 

AnthiMite 1,265,000 

Southern 23,963,000 

87,127,000 
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ANNUAL. OPERATING COST PER UNIT. 

In order to determine annual unit operating costs, comprehensive records of 58 hydro- 
electric plants were selected for analysis. Figtire 47 shows the cost per kilowatt-year of total 
generator capacity plotted against th^e size of the unit. Figure 48 shows the cost per kilowatt- 
year of total generator capacity plotted against the capacity of the plant. The use of these 
two curves in conjunction gives operating cost for power plants employing units of different 
sizes. 
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FiousE 47.— Unit operating cost of 58 selected hydroelectric plants in 
the superpower sone, 1919, aooording to slse (A unit. 
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CAPACITY OF PLANT IN THOUSANDS OF KILOWATTS 

FiousB 48.~Unit operating cost of 58 selected hydroelectric plants in 
the superpower tone, 1919, aooording to capacity of plant. 
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APPENDIX H. 

THE SUPERPOWER TRANSMISSION SYSTEM. 



By L. E. Imlay. 



EXISTING TRANSMISSION SYSTEMS. 

The mileage of the transmission lines above 30,000 volts in the superpower zone in 1919 
amounted to 1,200 miles, 37 at 110,000 volts, 813 at 66,000 volts, 36 at 44,000 volts, and 314 
at 33,000 volts. Of these 1,200 miles New England has 778, indicating that considerable inter- 
connection has already been established in that region. The high-voltage lines in other parts 
of the superpower zone are used mainly to transmit energy from sources where it is produced 
cheaply to points where it is used. The superpower system will multiply these sources of 
cheap production and will use the existing transmission lines as vehicles of distribution rather 
than of transmission. Accordingly, the present 33,000 to 66,000 volt transmission systems 
will be expanded for the distribution of the additional power made available by the superpower 
system. 

CHARACTERISTICS OF THE SUPERPOWER TRANSMISSION SYSTEM. 

The proposed transmission lines of the superpower system (see Pis. II, III, p. 14) are 
of two general classes — interconnecting lines between load centers, operating at 110,000 volts, 
and high-tension lines of large capacity, operating at 220,000 volts. 

INTEBCONNBOTINa UNES. 

■ 

The interconnecting lines are to be used (1) to transfer energy from one load center to 
another in order to take care of small increments of growth in demand until additions to local 
generating plants are justified; (2) to provide means by which reserve capacity at centers of 
distribution in one part of the system may be made available for use in adjacent centers; (3) 
to equalize the load between the generating plants of the system or to distribute it among them 
as economy or policy may direct; (4) to transmit energy from power plants that are not at 
load centers and that are not provided with separate high-tension lines of transmission. 

Any scheme for distributing load between generating centers over tie lines presupposes 
the automatic operation of governors on prime movers to maintain proper speed under all 
variations of load up to the full capacity of the generating units. An ideal interconnecting 
system would function automatically, for when an overload comes on any part of the system 
the prime Inover of that part tends to slow down and lower the frequency, and its slowing down 
causes the generating units of the part affected to become somewhat out of phase with those 
of the rest of the system and produces a flow of energy from the lightly loaded to the more 
heavily loaded part of the system. Owing to physical and economic limitations, however, 
lines having considerable resistance and reactance can be automatically controlled only within 
rather narrow limits of load transfer between two load centers several miles apart, so that 
automatic regulation of voltage is not possible, except through a comparatively small range, 
without the use of special regulating equipment, for it presupposes a very low reactance circuit 
with relatively low resistance. 

Under ordinary conditions energy may be transferred through a tie line so as to maintain 
the same bus voltage at all distributing points in a system by varying either the voltage or the 
impedance volts of the line. The voltage may be varied by shifting to different taps on the 
transformers, by the use of synchronous boosters, or by the use of some form of regulator. 
The induction regulator is probably the most satisfactory, and it should be manipulated by hand^ 
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as no device yet contrived can automatically distinguish between a variation due to a short 
circuit and one due to a change in demand. The impedance volts may be varied by the use 
of synchronous condensers at the receiving station. 

In varying either the voltage or the impedance volts of the tie lines the limitations of 
synchronizing power and of corona effect should be considered. If a regulator is used a con- 
ductor of a size that will insure economy must be selected, and if synchronous condensers 
are used a design should be selected that wiU insure regulation rather than prevent loss of power. 

If the tie lines are not long and if they are to carry relatively little energy the load can 
generally be carried by providing lines having low resistance. If the governors and the voltage 
r^ulators function properly they will automatically tend to distribute the energy as demanded 
if the fields in the generators m the station receiving energy axe strengthened. If the demand 
is so great that the capacity to which the generator fields can be strengthened is exhausted before 
normal voltage is reached the deficiency must be supplied by providing synchronous-condenser 
capacity. 

Consideration has been given to the effect of short circuits that may occur on the network 
of lines of the superpower system. Obviously, to insure the maximum economy an ideal system 
should be interconnected and operated as a imit. Studies of the possible concentration of 
energy resulting from short circuits at critical points in an ideal superpower system indicate, 
as was expected, that the short-circuit currents would exceed the rupturing capacity of any 
circuit breaker now avaUable. In planning the mterconnectmg system contemplated in this 
report the limitations of the circuit breakers now available and the operating conditions to be 
provided for have been fully considered. If a short circuit occurs the system wiU be automatically 
separated at selected poiuts into several systems that are complete in themselves, in order to 
limit the energy interrupted to amounts that can be readily handled. The feeders affected 
by the short circuit are thus automatically disconnected from the system, with minimum dis- 
turbance to the service. The rapid improvement in circuit breakers within the last few years 
leads us to expect that future improvement may produce apparatus that will permit much 
greater concentration of power, so that by the time the superpower system has grown to a 
size requiring circuit breakers of larger capacity they will probably be obtainable. 

No insuperable difiiculty is expected in obtaining rights of way for tie lines in the outlying 
districts of the superpower zone, where overhead circuits will be used, but rights of way in the 
congested parts of the large cities, where underground lines operated at comparatively low 
voltage are necessary, may not be obtained so easily. In New York City, for example, the 
generating stations are not now suflBiciently provided with tie lines to insure the most economical 
operation on account of the prohibitive cost of conduits or conduit space for high-tension cables. 
Tie-line connection between New York and the industrial district of New Jersey is still more 
difiicult to obtain and is even more necessary. Particulpx attention is called to the necessity 
of providing ample conduit space for tie lines in the new vehicular tunnel under the Hudson 
between New York and Jersey City. 

TBANSMISSION LINES. 

The principal elements to be considered in designing transmission lines are length of line, 
amount of energy to be transmitted, frequency, voltage, corona, resistance, reactance, con- 
ductance, susceptance, value of energy lost, cost of money, cost of operation, and value of 
energy delivered at the receiving end of the line. Kelvin's law is appUcable here if the con- 
ductors are large enough to escape corona and if the investment in conductors includes the cost 
of other apparatus, which varies with the sizes of the conductors considered. 

Length of line is determined by location of power plant with respect to market for power. 

The amount of enei^ transmitted on a line may be limited either by the size of the 
generating plant or by the extent of the market. If a power plant is capable of an increase 
in capacity, the transmission line should have a mar^n of capacity to cover the increase or 
should be susceptible of additions at TniniTTiiiTn cost. 
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The maximum practicable potential lised for transmission to-day is 220,000 volts, and in 
the study of transmission to and within the superpower zone this and lower potentials are used. 

Corona fixes one of the limits to economical long-distance transmission at very high voltages. 
There is a critical disruptive voltage for each size of cable, depending on spacing and arrange- 
ment of conductors, elevation above sea level, and meteorologic conditions. Rain, fog, and 
snow tend to lower the critical voltage. Up to 2,000 feet above sea level the minimum diameter 
of conductors for operation at 110,000 volts is about 0.45 inch and the minimum diameter of 
conductor for operation at 220,000 volts is about 0.95 inch. 

The fundamental characteristics that determine the losses and the performance of a line 
are resistance, reactance, conductance, and susceptance. Resistance depends upon the size 
and length of the conductor and the material of which it is composed. Reactance varies with 
the frequency employed and with the length, size, arrangement, and spacing of the conductors. 
Conductance varies with the e£Pect of corona and with insulation of line. Susceptance deter- 
mines the charging current of the line and depends on the spacing, diameter, and arrangement 
of conductors, the frequency employed, and the length of circuit. 

For lines of moderate length, say up to 350 miles, energy can be transmitted at 60 cycles, 
the prevaUing frequency in the superpower zone. For longer lines it may be desirable to 
transmit at a lower frequency on account of the limitations of reactance and susceptance, but 
energy for use in the superpower zone will probably never be transmitted farther than 350 miles. 

Kelvin's law is applicable to the design of high-tension transmission lines if account is 
taken of all the factors, which vary with variations in the conductors considered. The effect 
of these factors is subject to constant change, and the adoption of a particular design can be 
justified only if the cost of all the elements that may affect it are known. The cost of money, 
the cost of material, and the value of energy at the receiving end of the line are the principal 
elements involved. 

The structural features of designs of existing transmission lines have been carefully worked 
out, and the designs for the transmission Unes proposed involve no new problems. It may be 
economical, however, to use a type of tower construction for long lines that is different from 
the type used for comparatively short lines that transmit the same amounts of energy. For 
conductors of moderate size to be used under the usual limiting conditions the most economical 
tower spacing Mdll be as follows: For hard-drawn copper, about 800 feet; for steel-reinforced 
copper, about 1,000 feet; for steel-reinforced aluminum cable, 1,200 to 1,500 feet. 

The principal elements to be considered in spacing towers economically are (1) the character 
of the cable (weight, tensile strength, elastic limit, and temperature coefficient of linear expan- 
sion); (2) the clearance from the ground; (3) the assumed loading by ice and wind pressure; 
and (4) the cost of towers, foundations, insulators, and labor. 

All 110,000 and 220,000 volt systems should be star connected with grounded neutral. 
The 11 0,000- volt lines may be provided with overhead ground wires where A-frame construc- 
tion is used, but the 220,000-volt lines should not be provided with either ground wires or 
lightning arresters, for they will probably cause more trouble than they will prevent. 

The entire superpower zone Ues within an area that is occasionally subject to severe sleet 
storms, and authentic records show that sleet 1^ inches in radial thickness has been formed on 
line conductors. The cost of building transmission lines to withstand so heavy an accumulation 
of sleet would be prohibitive. The remedy is to keep the lines so warm during a sleet storm 
that ice will not coUect on them, either by transmitting sufficient energy over them or by short- 
circuiting them and sending enough current through them at low voltage. 

RIGHTS OF WAY. 

The importance of adequate rights of way for transmission lines can hardly be over- 
estimated. Many of the troubles on existing long-distance lines are due to crooked lines, 
which introduce hazardous construction. The service rendered to the public over many power 
lines is greater than the service rendered by some railroads, and these public lines should have 
rights of way commensurate with the value of their service. It is therefore an imperative 
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public necessity that compaaies operating transmission systems should be granted rights of 
way through the exercise of the right of eminent domain. A 220,000-volt transmission system 
consisting of two tower lines, each containing two circuits, should have a right of way 240 feet 
wide and as straight as it can be made. 

Transmission and tie lines should be so located as to avoid interference with service over 
communication circuits. In anticipation of the necessity of cooperation to avoid such inter- 
ference conference was had with the engineers of the American Telephone & Telegraph Co., 
who have furnished the superpower survey a complete set of maps, consisting of 331 topo- 
graphic sheets, fully indexed, showing the location of the toll lines of that company and its 
subsidiaries in the superpower zone. The preparation of these maps involved an enormous 
amount %>{ work by the telephone company, and the set is too large for incorporation in 
this report, but it may be examined at the office of the United States Geological Survey at 

Washington. 

PERFORMANCE OF TRANSMISSION UNES. 

The performance of a transmission line may be determined graphically by the use of 
vector diagrams indicating currents and voltages at the ends of the circuit and applying the 
auxiliary constants of the circuit which account for the distribution effect. Figures 49-55 
show the performance of a proposed transmission line from St. .Lawrence River to a point in 
central New England. This line will be 225 miles long, will operate at 220,000 volts and 60 
cycles, and has been designed to transmit 300,000 kilowatts and supply a distributing system 
that operates at a power factor of 85 per cent. The transmission system will consist of two 
tower lines, each supporting two circuits. The conductors are steel-reinforced aluminum cables 
measuring in cross section 605,000 circular mils and having a diameter of 0.953 inch. Each 
circuit will transmit 75,000 kilowatts \mder normal conditions and 150,000 kilowatts in an 
emei^ency. Additional data are given on the diagrams. 

The diagrams show fully the graphic method of solution and also the mathematical solution. 
These solutions take into account the leakage and the local impedance of the raising and lowering 
transfornc^ers as well as the effect of these in reducing the effective synchronous-condenser 
capacity required under load. The mathematical solution given involves the values of the 
auxiliary constants determined by the employment of hyperbolic functions and is rigorously 
correct. 

Figure 49 shows the conditions existing at no load, with normal load connections and with 
line and lowering transformers energized. With 220,000 volts at the receiving end of the line, 
measured at the low-voltage side of lowering transformers, a synchronous-reactor capacity of 
about 30,000 kilovolt-amperes will be required to hold the voltage at the sending end at 230,000 
volts. A synchronous-reactor capacity of about 20,000 kilovolt-amperes will be required to 
maintain 220,000 volts at both the receiving and the sending ends of the line. 

Figure 50 shows the performance of the system at a normal load of 75,000 kilowatts per 
circuit and 220,000 volts at the receiving end of the line. A synchronous-condenser capacity 
of about 42,000 kilovolt-amperes will be required to hold the receiving voltage at 220,000 volts 
with a load having a power factor of 85 per cent. If the voltage at the sending line is held 
at 220,000 volts the synchronous-condenser capacity required will be about 53,000 kilovolt- 
amperes. 

Figure 51 shows the performance of the system with an emergency load of 150,000 kilo- 
watts on each circuit, a condition that may exist for short intervals while one tower line is out 
of service for repair. Under these conditions a condenser capacity of 173,000 kilovolt-amperes 
will be required to hold voltage constant at 220,000 volts at both ends of the line. 

Figure 52 shows the amount of energy that may be delivered over this line under various 
conditions of sending-end voltage to an 85 per cent power-factor load, with 220,000 volts at 
the receiving end. 

Figure 53 shows the synchronous-condenser capacity required for various loads at the 
three sending-end voltages that are most likely to be used. 

63361 •'—21 14 
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Figure 54 shows the voltage on each side of the raising transformers corresponding to 
condenser loads of various capacities in parallel with a load of 75,000 kilowatts at a power 
factor of 85 per cent. The vertical distance between the two voltage lines is the voltage drop 
or voltage lise through the raising transformers. For condenser loads up to 15,000 kilovolt- 

220 KV PROBLEM-ZERO LOAD 

(COMPLETE SOLUTION) 




FiQUBE w.— Vector dlBgmn [or ZU-mlletronsmlnlon line with 



amperes there is a drop in voltage through the raising transformers. For condenser loads above 
15,000 kilo volt-amperes there is a rise in voltage through the raising transformers. 

Figure 55 is a general diagram showing a possible arrangement of generating, transforming, 
and transmitting equipment for the St. Lawrence-Kew England project. 
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Table 94. — Character and performance of lines that have been considered as sources ofenerffyfor the superpower zone. 



Character. 

• 

Enmv to be traDsmitted .kilowatts. 

Lengm of line milee. 

Voltage at generating end , , 

Voltage at receiving end 

Frequency , cycles. 

Number of tower lines .' 

Number of circuits per tower line 

Size of conductor: 

Aluminum circular mils. 

Steel do... 

Copper do. . . 

Normal load per circuit kilowatts. 

Emergency load per circuit do. . . 

Power factor of load (lagging) per cent. 

Performance under normal load. 

Power factor at sending end of line (leading) per cent. 

Power factor at receiving end of line (lagging) do. . . 

Synchronous-condenser capacity required. ^ IcUovolt^amperes. 

line losses. kilowatts. 

Transformer losses do. . . 

Synchronous-condenser losses do. . . 

Total losses do... 

Efficiency of transmission per cent. 



Niagara 
Falls-New 
YorkUne. 



300,000 

350 

220,000 

220,000 

60 

2 

2 

605,000 
78,000 



75,000 

150,000 

85 



88.1 

98.8 

180,000 



28,500 

10,500 

7,200 



46,200 
86.7 



St. Law- 

renoe-New 

England 

line. 



300,000 

225 

220,000 

200,000 

60 

2 

2 



640,000 

75,000 

150,000 

85 



99.5 

96.1 

140,000 



12,500 

10,500 

5,600 



28,600 
91.3 



Pittston- 

Newark 

line. 



300,000 

115 

230,000 

200,000 

60 

2 

1 

920,000 
271,000 

i56,'666 

300,000 
85 



94.7 

97.6 

160,000 



13,800 

10,500 

6,400 



30,700 
90.7 



COMMUNICATION LINES. 

The superpower system can be operated successfully only through absolute unity of operat- 
ing control. Relations must be established between the different parts of the system to insure 
unquestioning and immediate response to the directions of some central authority. This 
requirement involves facilities for instant communication between all the generating and dis- 
tributing stations. Most of the existing transmission systems provide lines of communication 
that parallel the lines of transmission and that are supported by the transmission-line towers 
or by poles erected on the right of way. These lines of communication, supplemented in reserve 
by the Bell telephone systems for use between important centers, furnish adequate service. 

The maintenance of lines of communication on the right of way of a high-tension trans- 
mission line that parallels power circuits, where they are particularly exposed to electrostatic 
and electromagnetic induction, is considered very undesirable by the power company, but it is 
employed as the surest means of maintaining communication between power plants and dis- 
tributing stations. The commercial telephone sj^tems have been so greatly improved and 
augmented that the telephone companies in the superpower zone now have great resources in 
trunk lines and alternate routes and exceptional facilities for maintaimng their plants. 

The operation of transmission lines by means of radio telephones or telegraph is being 
rapidly developed and will probably increase in the near future, particularly as radio com- 
munication is free from the effect of interference by high tension circuits. 

SUBSTATIONS. 

Outdoor substations of standard design, except as the design may be affected by higher 
voltages, will be used. Synchronous condensers will be installed in the substations to reduce 
investment and operating cost. 
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UNIT INVESTMENT COSTS. 

TBANSMISBION UNBS. 

In the following table, showing the unit investment cost per mile for the different typies of 
transmission lines used in existing systems, the cost includes rights of way and is based on 
prices in midyear of 1919. 

Table 95. — Unit investment cost for transmission lines. 



Line 
ydtage. 



Conductors. 



220,000 
220,000 
220,000 
220,000 
220,000 

220,000 

110,000 
110,000 
110,000 
110,000 

110,000 
110,000 
110,000 
110,000 



Material. 



/Aluminum. 

\St€€l 

/Aluminum. 

ISteel 

/Aluminum. 
\Steel 

! Aluminum. 
Steel 
Aluminum. 
Steel 

/Aluminum. 

\Steel 

Copper 

.... do 

....do 

....do 

Aluminum. 

Steel 

Aluminum. 

Steel 

Aluminum. 

Steel 

Almninum. 
steel 



Area (cir- 
cular mils). 



Number 

of tover 

lines. 



1 
2 
1 
2 
1 

2 

1 
2 
1 
2 

1 
2 
1 
2 



Total 

number of 

circuits. 



2 
4 
1 
2 
1 

2 

2 
4 
1 
2 

2 
4 
2 
4 



Costp^* 
mile. 



$27, 328 
54,056 
.18, 760 
36,920 
22,330 

44,060 

19,160 
37, 070 
16,780 
32, 310 

20,945 
40,640 
33,440 
65,630 



SUBSTATIONS. 

Figure 56 shows the unit cost of 110,000-volt substations with low-tension secondaries iii 
midyear of 1919. This cost includes transformers, structures, and switch gear to accommodate 
two, four, six, or eight incoming 110,000-volt lines. 

Figure 57 shows the unit cost of 220,000-volt substations with low-tension secondaries in 
midyear of 1919. This cost includes transformers, structures, and dwitch gear to accommodate 
two or four incoming 220,000-volt lines. 

Figure 58 shows the unit cost of 220,000-volt substations with 110,000-Tolt secondaries in 
midyear of 1919. This cost includes tri^nsformers, structures, and switch gear to accommodate 
two, four, or six incoming 220,000-volt circuits and six outgoing 110,000-volt circuits. 

SYNCHBONOnS-CONDENSEB STATIONS. 

Figure 59 shows the unit cost of synchronous-condenser stations at midyear of 1919. This 
cost includes buildings, synchronous condensers, transformers, and switching and regulating 
equipment. For the operation of synchronous condensers on 110,000-volt circuits independent 
transformers are provided; for 220,000-volt circuits a tertiary winding is added to the main 
transformers. 

FBBQTTENCY-GHANGEB STATIONS. 

Figure 60 shows the unit cost of frequency-changer stations at midyear of 1919, This cost 
includes building, frequency changers, transformers, and switching and regulating equipment. 
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OPERATING COST OF TRANSMISSION SYSTEM. 

TBANSMISSION UNSS. 

The following estimated operating cost for transmission lines includes maintenance, labor, 
and supplies and is based on the actual cost of operating long-distance lines : 

Table 96. — Operating cost for transmission lines. 



Line Tolti^. 



220,000. 



110,000. 



Number 

of tower 

lines. 



( 






1 
1 
2 
2 
1 
1 
2 
2 



Total 

number of 

drcuita. 



1 
2 
2 
4 
1 
2 
2 
4 



Operating 

cost per 

mile per 

year. 



$175 
200 
226 
250 
125 
150 
200 
250 



SUBSTATION'S. 

* * • • 

The annual cost of maintenance and supplies has been fixed at 2 per cent of the total first 
cost of the substation. For the annual cost of laboiv S12,000 is used for substations having a 
capacity of 150,000 kilovolt-amperes or less, S18,000 for those having capacities between 150,000 
and 300;000 kilovolt-amperes, and S24,000 for those having capacities of more than 300,000 Idlo- 
volt-amperes. 



APPENDIX L 

RELIABILITY OF SERVICE. 

By L. E. Imlay and others of the engineering staff. 

- ■■■■ • 

Reliability of service is of first importance. A superpower system with interconnection 
through many load centers and with provision for obtaining power from several sources can 
insure continuous service. 

Modem power plants, which use large xmits, are simple compared to power plants built a 
decade ago. The tendency to locate the plants outside of centers of population has done much 
to simplify former complicated switching and feeder arrangements. 

The principal causes of power-plant interruption, outside of fluctuations in coal supply, 
are in the coal-handling, boiler, tm*bine, condenser, and electrical apparatus. Provision is 
made against such interruptions in the superpower system.. 

Coal-handling equipment is now provided either in duplicate or of sufficient capacity so 
that the coal supply will not be in danger of exhaustion. To the popular mind boiler explosions 
are regarded as one of the greatest dangers to be apprehended in steam plants, but since the 
advent of the water-tube boiler there is, so far as explosions are coneemed^ no limitation to 
the number and capacity of boilers that may be placed in one plant. 

Large steam tm*bines of recent development have excellent records for continuous 
operation over long periods. It is true that during the World War considerable trouble was 
experienced with a number of large turbines, but the cause of this particular trouble has been 
accm*ately ascertained and eliminated. 

The operating records of turbine units in a number of large plants show that these units 
are available for service more than 90 per cent of the time, and the margin is within the reserve 
capacity of the plant. 

It is difficult in a well-operated plant to justify interruptions from condenser troubles. 

Failures in modern electric generators are no longer frequent. The perfection of oil switches 
and the complete isolation of the phases and reactance applications have resulted in the elimina- 
tion of the disastrous effects of short circuits. 

Superpower transmission will involve capacities of 300,000 kilowatts and maximum dis- 
tances of 350 miles. Consultation and exhaustive discussion with the principal transmission 
authorities of this country regarding a proper support and circuit arrangement led to the conclu- 
sion that these transmission systems should consist of two tower lines, each supporting two 
circuits and each tower line being capable of transmitting the entire load. ^ 

Load centers in the past have usually been dependent upon a single transmission line. 
By virtue of its interconnecting network the superpower system will eliminate the hazard of 
interruption or disaster from the use of a single line. 

The transmission systems for the superpower system Mrill be of entirely different dimen- 
sions from those to which we have become accustomed. Appendix H-2 brings out the features 
of their construction. Their reliability will be of the same order as that prevailing within the 
best modem power plants. They can thus be considered as merely high-tension extensions of 
the power-plant busses. 

The inherent characteristic of the superpower system, therefore, is adequate provision for 
reserves through its entire structure. 
218 
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APPENDIX J. 

THE RELATION OF COAL AND COAL-DELIVERY ROUTES TO THE SUPERPOWER 

SYSTEM. 



By C. E. Leshek, F. G. Tbyon, and others. 



DISTRTBUnON AND USE OF COAIj IN THE SUPERPOWER ZONE IN 1919. 

Table 97 shows that the coal used by central stations is only about 9 per cent of the total 
used in the superpower zone; that used for locomotive fuel and other railroad purposes and 
by industries, mines, Government institutions, waterworks, and the central stations amounts 
to nearly 71 per cent of the total. 

Tablb 97. — DistribtUion and use of coal in superpower zone for 1919 ^ in short tons. 



Sources: 

Mined in zone 

Shipped into zone for consumption therein or for bunker and searbome 
export: 

Imports by water from Canada 

By rail from United States 

Coajstwise from Hampton Roads 

Total coal available 

Used in zone: 
Railroads: 

Locomotive fuel^ class 1 roads 

All other railroad supply coal except coal for repair shops, including 
coal for heating stations and all coal for roads other tnan class 1 . . . 

Central electric stations 

Industries, mines, and Government institutions ^ 

Waterworks 

Heating residences and all other buildings not elsewhere specified. In- 
cludes coal burned in dwellings, apartment houises, hotels, restaurants, 
theaters, office buildings, schools, hospitals, churches, public buildings, 
and State, county, ana mimicipal institutions 

Total used in zone 

Shipped out of zone: 

Foreign bimker 

Domestic bunker, including bunker for Army transports and Navy 

Sea-borne exports 

Coal mined in zone but shipped by rail out of zone 

Total coal leaving zone 



Bituminous. 



None. 



3,000 

70, 706, 000 

7,000,000 



77, 709, 000 



15, 640, 000 

1,830,000 

9, 976, 000 

34, 669, 000 

260,000 



4,600,000 



66, 975, 000 



4, 669, 000 

2,970,000 

3, 095, 000 

None. 



10, 734, 000 



Anthracite. 



87, 607, 000 



None. 

143,000 

None. 



87, 750, 000 



2, 765, 000 

1, 880, 000 

1,830,000 

23, 419, 000 

291,000 



34, 459, 000 



64, 644, 000 



None. 

None. 

152,000 

22, 954, 000 



23, 106, 000 



Total. 



87, 607, 000 



3,000 

70, 849, 000 

7,000,000 



165, 459, 000 



18, 405, 000 

3, 710, 000 

11, 806, 000 

58, 088, 000 

551, 000 



39, 059, 000 



131, 619, 000 



4, 669, 000 

2, 970, 000 

3, 247, 000 

22, 954, 000 



33,840,000 



COAIi DISTRICTS AND COAL. DELIVERY ROUTES. 

The bituminous-coal districts tributary to the superpower zone are the Clearfield, Somerset, 
Windber, Greensburg, Westmoreland, Pittsburgh, Fairmont, Georges Creek, Pocahontas, New 
River, and Kanawha. 

The Clearfield, Somerset, and Windber districts lie nearest, and the freight rate from them 
is the lowest, but they are within the thin-seam regions, where the production cost is high. 

The Westmoreland, Greensburg, Pittsburgh, and Fairmont districts are in the thicker-seam 
region, where production costs are lower, but the freight rates from them are higher. 

About half of New England's coal has heretofore been supplied from the Pocahontas, New 

River, and Kanawha districts. These districts are the chief sources of coal for export, and when 

the export demand is large the demand in New England must compete with it. 
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The selection of sites for base-load steam-electric plants is dependent upon the availability 
of sufficient condensing water, the cost of coal delivered, and the relation of the plant site to 
the coal-delivery routes from the mines. 

Power plants at tidewater in New England east of New London have a reliable coal supply, 
as they can obtain fuel from the greatest niunber of sources, having the option of either aU- 
rail or rail and water delivery. The two particular difficulties in the free movement of coal 
to New England are congestion at times at the Hudson River gateways, due to weather and 
traffic conditions, and the shortage of bottoms at certain periods for the movement of coal from 
Baltimore, Philadelphia, and Hampton Roads to eastern New England ports. 

The principal bituminous-coal carriers to the superpower zone are the Pennsylvania, the 
Baltimore & Ohio, the New York Central, and the Western Maryland. These railroads are 
also the principal carriers of all other traffic to that zone, and at times the traffic demand exceeds 
their capacity. At certain points on these lines, such as the classification yards at Cumberland, 
Altoona, Williamsport, and Harrisburg, congestion has occurred through either the traffic 
conditions or the topographic conditions; at others congestion is due primarily to the necessity 
of transfer between the railroads, as at Troy, Albany, Maybrook, and Harlem River. 

Plants on Hudson River as far north as Troy can readily receive coal, either through Albany 
or by river barges from New York Harbor. Between New York and Washington there are a. 
number of good locations for steam-electric power plants. Sites are available along New York 
Bay, Hackensack River, Passaic River, Raritan Bay, Raritan River, Delaware River as far 
north as Trenton, Delaware Bay, Chesapeake Bay, and Potomac River as far west as Cumberland. 
In the inland region Susquehanna River and its branches offer excellent sites for the location 
of base-load steam-electric plants. 

The principal difficulty in the location of steam-electric plants in the bituminous mining 
districts comes from lack of condensing water. (See Appendix F.) 

Plate X shows the location of available coal-mining districts, principal rail routes, and 
location of base-load steam-electric plants for 1930. Anthracite is not discussed at this time, 
for plants constructed to bum anthracite will be located in the mining region, and rail delivery 
will consist only in gathering the coal for them. Power can be delivered to the Newark and 
Philadelphia load centers from plants to be constructed in the anthracite region more cheaply 
than power can be generated at these centers. (See Appendix F.) 

COST OF COAL.. 

COST OF COAL AT THB lONSS. 

BUuminaiLS coal. — ^The average price for bituminous coal at the mine has been taken at 
$2.90 per short ton for the three years considered (1919, 1925, and 1930) and was determined 
by the weighted average cost of bituminous coal for 1919 to the fuel-using industries in the 
superpower zone. This price applies to fuels that take the Clearfield freight rate. The Greens- 
burg, Westmoreland, Pittsburgh, and Fairmont districts, which ship coal to the superpower 
zone by rail and water, as well as by all-rail routes, sell at a price about 50 cents a short ton 
lower than the Clearfield district. The Pocahontas, New River, and Kanawha fields supply 
large amoimts of coal to eastern New England by boat, delivered from Hampton Roads. This 
coal commands a premium of about 50 cents a short ton at the mine over that of the Clearfield 
district. 

Although the cost of labor may be reduced by modification of the present wage scale, 
which terminates in 1922, the cost of coal tends to increase gradually from the necessity of 
developing mines in thinner seams and deeper veins and of extending underground haulage 
in existing mines. 

Anthracite. — ^The price for buckwheat No. 3 coal at the mines has been taken at $1.75 per 
long ton for the three years considered (1919, 1925 and 1930). This price is based on records 
of sales made in 1919 and on the competitive reltttion between anthracite and bituminous coal 
at tidewater delivery points. 
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Between 1911 and 1917 the ratio of the cost of buckwheat No. 3 coal at New ^^ork Harbor 
to the cost of low-volatile bituminous coal increased from 53 to 56 per cent. In 1918 it jumped 
to about 67 per cent, but in 1919 it fell to 66 per cent. The large increase in 1918 and 1919 
was due to the fact that bituminous coal was then under governmental regulation, while buck- 
wheat No. 3 coal was not, and it was further due to the difficulty of obtaining deliveries of 
bituminous coal. The New York Harbor price of buckwheat No. 3 coal has been taken at 
approximately 63 per cent of the price of low-volatile bituminous. Although this ratio is 
somewhat higher than that in existence before the war, it is considered reasonable, as the demand 
for buckwheat No. 3 coal has increased through the development of anthracite stokers and better 
knowledge of the use of this coal gained during the war. 

United States Geological Survey records show that 78,501,931 long tons of anthracite 
was mined in 1919. Of this total 67,817,284 tons was shipped out of the anthracite district 
and 8,576,850 tons was used for fuel by the mines themselves. Local sales account for the 
remainder. The total quantity of buckwheat No. 3 and smaller sizes of anthracite shipped in 
1919 was 3,759,000 tons. 

Lai^e base-load steam-electric plants located in the anthracite region will require approxi- 
mately 1,600,000 long tons of buckwheat No. 3 and smaller sizes of anthracite for each 300,000- 
kilowatt plant, which is nearly one-half of the total of those sizes shipped in 1919. However, 
a large proportion of the mines that now have their own steam plants would be electrified 
when such power plants were constructed, thus releasing, owing to the higher efficiency of the 
power plants, a larger amount of the small steam sizes than would be required for the operation 
of these base-load plants. Under such conditions the demand will not be in excess of the 
supply. (See Appendix F.) 

COST OV COAX DBLIVBKBD TO THE 8TBAM-BXBCTBIC PLA.NTS. 

The cost of fuel at the power plants has been determined by the cost of coal from the 
Clearfield district. 

Coal from the Westmoreland, Gireensburg, Pittsburgh, and Fairmont districts costs 50 cents 
a short ton less than Clearfield coal but is lower in calorific value. Coal from the Pocahontas, 
New River, and Kanawha fields has a higher calorific value than that of Clearfield, but its 
mine price is 50 cents a short ton higher. When all charges to the destination point are con- 
sidered, the number of British thermal units obtained for each dollar expended is nearly the 
same for coal from all the fields, and the use of the Clearfield prices and freight rates as a basis 
both for fuel cost and plant performance gives a representative average. 

The current freight rates of 1919 are used in the calculations for that year and those existing 
on January 1, 1921, for the 1925-1930 period. 

Table 98 gives the cost of bituminous coal at specified destination points from those fields 
that are tributary to them. 

Table 98. — Cost of biiuminoiu coal per short ton at destination points in the superpower zone. 



Load center. 



Boston. 



Providence, 



New London. 



Mining district. 



Clearfield.. 

....do 

Fairmont. . 
Pocahontas 
Clearfield.. 

....do 

Fairmont. . 
Pocahontaa 
Clearfield.. 

....do 

Fairmont.. 
Pocahontas 







Freight, 






taxes, in- 


Period. 


PriAwat 
mines. 


surance, 
and sea- 
sonal coal 
storage. 


1919 


$2.90 


13.16 


1925-1930 


2.90 


4.45 


1925-1930 


2.45 


4.68 


1925-1930 


3.35 


5.40 


1919 


2.90 


3.24 


1925-1930 


2.90 


4.59 


1925-1930 


2.45 


4.81 


1925-1930 


3.35 


5.15 


1919 


2.90 


2.79 


1925-1930 


2.90 


3.93 


1925-1930 


2.45 


4.16 


1925-1930 


3.35 


5.40 



Total cost 
in plant 
bankers. 



$6.06 
7.35 
7.13 
8.75 
6.14 
7.49 
7.26 
8.50 
5.69 
6.83 
6.61 
8.75 
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Table 98. — Cost of bituminous coal per short ton at destination points in the superpower zone — OontiDued. 



Load center.' 



New Haven 



Hartford. 



Northampton. 



Albany and Pou^ikeepsie. 



New York, Newark, and New Bruns- 
wick. 



Trenton. 



Harrisbuig.^. 



Philadelphia, Wilmington, Baltimore, 
and Washington. 



Mining district. 



Clearfield 
....do... 
Fairmont 
Clearfield 
....do... 
Fairmont. 
Clearfield 
'....do... 
Fairmont. 
Clearfield 
....do... 
Fairmont. 
Clearfield 
....do... 
Fairmont. 
Clearfield 
....do... 
Fairmont. 
Clearfield 
....do... 
Fairmont. 
Clearfield 
....do... 
Fairmont 







Freight, 






taxes, in- 


Period. 


Price at 
mines. 


surance, 
and sea- 
sonal coal 
storage. 


1919 


$2.90 


$2.68 


1925-1930 


2.90 


3.81 


1925-1930 


2.45 


4.18 


1919 


2.90 


3.06 


1925-1930 


2.90 


4.33 


1926-1930 


2.45 


4.55 


1919 


2.90 


3.42 


1925-1930 


2.90 


4.83 


1925-1930 


2.45 


5.07 


1919 


2.90 


2.42 


1925-1930 


2.90 


3.43 


1925-1930 


2.45 


3.80 


1919 


2.90 


2.32 


1925-1930 


2.90 


3.35 


1925-1930 


2.45 


3.66 


1919 


2.90 


2.23 


1925-1930 


2.90 


3.17 


1925-1930 


2.45 


3.40 


1919 


2.90 


1.77 


1925-1930 


2.90 


2.53 


1925-1930 


2.45 


2.77 


1919 


2.90 


2.15 


1925-1930 


2.90 


3.05 


1925-1930 


2.45 


3.27 



Total oost 
in plant 
bankers. 



$5.58 
6.71 
6.63 
5.96 
7.23 
7.00 
6.32 
7.73 
7.52 
5.32 
6.33 
6.25 
5.22 
6.25 
6.11 
5.13 
».07 
5.85 
4.67 
5.43 
5.22 
5.05 
5.95 
4.72 



OWNBRSHEP OP OOAIi MINES. 

No advantage has been found in the ownership of coal mines by the power company to 
offset the eUmination of the flexibility of supply, the increase in initial investment; the additional 
administrative cost, and the hazard common to mining enterprises. 

COAIi STORAGE. 

A 360,000-kilowatt plant at an annual capacity factor of 60 per cent will use 1,260,000 short 
tons of bituminous coal a year. Storage of six months' coal supply for such a plant will therefore 
require 630,000 tons. Coal storage in this amount might appear excessive, but the following 
advantages are evident: (1) It would absolutely prevent interruption of service due to lack of 
fuel. (2) It would permit the purchase of coal at the lowest market price. Where facilities 
for coal storage are scanty, the purchase of coal in the spot market at times of shortage and 
without regard to quality results in an excessive expense, which would more than offset the cost 
of adequate storage faciUties. (3) It would effect partial stabilization of the mining and the 
transportation industries through bringing about a more uniform demand for fuel and thus 
tending to increase the operating load factor of these two industries. It is equally obvious that 
this would be a step toward reducing the price of fuel to the consimier because it would be a step 
in the reduction of cost of mining and transportation. 

There has been some discussion with regard to the ownership by the superpower system of 
either coal cars or railroad routes or both, but it has been concluded that the superpower system 
should confine its activities to the production of power and the storage of coal. 

The cost of coal storage is included in the production cost of the superpower system. 



APPENDIX K. 

USE OF PROCESS FUELS AND PULVERIZED COAL FOR BASE-LOAD STEAM 

ELECTRIC PLANTS. 



By O. P. Hood and others of the engineering staflF. 



CONCLUSIONS RELATIVE TO THE USE OF PROCESS FUELS. 

In considering the use of process fuels by base-load steam-electric stations it has bec^n 
necessary to fix certain limitations to the study, which must necessarily be a general one covering 
the entire superpower zone. The study was therefore confined to processes that had reached 
the stage of commercial development. The fixed charges against the investment cost in the 
by-product plants have invariably been taken at 20 per cent — 10 per cent for the cost of money, 
8 per cent for depreciation and obsolescence, and 2 per cent for taxes and insurance. At the 
same time the operating costs have been taken at $1.35 per ton of coal carbonized, and the 
prices credited for by-products are those given below. 

In a base-load steam-electric plant under present conditions coal must generally be used 
in the raw form in order to produce cheap power. Local conditions will justify certain excep- 
tions to this practice. At large centers of population it may be found profitable to install 
process-fuel plants in conjunction with base-load steam-electric stations if the gas produced 
by the plants can be sold at a profit, particularly where a process is used that will yield gas 
which has a very high heating value and which can be used to enrich water gas made by the 
gas companies. 

Coal is subjected to a preliminary process for two purposes — to place its energy in a more 
desirable form and to recover valuable products. If power is produced by the use of either coke 
or gas from process-fuel plants the value of the remaining products, when credited to the cost of 
such fuels, is not sufficient to reduce the cost below that of raw coal. As certain by-products 
are essential in time of war regardless of cost, however, it is desirable in selecting a site for a 
superpower plant to provide space for a processing plant. 

Accordingly, provision is made in the estimated costs for base-load steam-electric plants 
both for the location of, process-fuel plants and for boiler-room construction that will permit 
the use of process fuel at a later date if it is found advisable. 

SOURCES OF PROCESS FUELS. 

Four sources of process fuels for base-load steam-electric plants have been considered — 
by-product coke-oven plants furnishing coke, by-product coke-oven plants furnishing gas, 
low-temperature distillation plants furnishing semicarbocoal, and bitimiinous gas producers 
furnishing gas. 

The credits used for by-products are as follows: 

Oas, 30 cents per thousand cubic feet. 
T&r, 4 cents per gallon. 
Light oils, 15 cents per gallon. 
Ammonium sulphate, 2) cents per pound. 
Coke, including breeze, $10 per short ton. 

The base-load steam-electric plants for which process fuel will be furnished are assumed 
to be 300,000-kilowatt plants having an annual capacity factor of 70 per cent. Sufficient 
process-fuel plant capacity must be provided to meet variations in the load of the steam-electric 
plants. 
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The average cost of gas coal for carbonization is taken at $6.11 per short ton; the cost 
of Clearfield coal used directly in the power plant is taken at $6.25 per short ton. 

For process-fuel plants the unit operating cost exclusive of fuel has been placed at $1.35 
per short ton of coal carbonized, and the fixed charges have been taken at 20 per cent. 

Table 99 gives the result of this study. With the exception of gas from by-product coke- 
oven plants, process fuel is shown to cost more than coal. Moreover, the heavy investment 
required for a coke-oven plant producing gas as the process fuel, combined with the transpor- 
tation difiiculties in distributing the by-products, makes its use as a source of process fuel 
impracticable. The coke produced by one such plant would amount to 26 per cent of the 
total present coke requirement of the superpower zone, and even if the existing coke-producing 
facilities in the zone are ignored, it would require only four plants of this size to satisfy the 
entire coke demand of the zone. Furthermore, over 760 special railroad cars daily would be 
required to distribute the coke output of one such plant to its market and at the same time 
about 590 cars additional to bring the coal to the plant. Compared to this, only about 70 
cars a day would be needed to convey coal to the 300,000-kilowatt steam-electric plant burning 
raw coal. 

For low-temperature distillation plants the by-products have been credited at $4.22 per 
short ton of coal carbonized, which is 28 cents less than the credits claimed by the Carbo Coal 
Co., but this difference is immaterial, because to make this process profitable under present 
conditions more than $5.15 per short ton of coal carbonized must be realized from the by- 
products. Although the carbocoal process has been selected for analysis, as it is further ad- 
vanced technically than any of the other low-temperature distillation processes, semicarbocoal 
has not yet been used extensively in large power plants. 

It is fundamentally necessary, where the processing of fuel is combined with the production 
of power, that a minimum number of heat units be lost to the steam-electric plant. Tar, oils, 
and ammonium sulphate contain relatively few heat units, and therefore in the recovery of 
these by-products a large portion of the original heat units remain available for making steam. 

The results set forth above justify the conclusions given in the preceding section. 

USE OF GAS FROM PROCESS-FUEIi PLANTS IN INTERN AL- COMBUSTION 

ENGINES. 

Gas engines have a higher thermal efficiency than prime movers that use steam, but they 
are so deficient in other characteristics that they can not at present be considered for super- 
power plants. The gas engine has not been developed in imits of a size comparable with steam 
turbines, and investment and production costs for gas engines are much higher. These dis- 
advantages outweigh the advantage gained by their higher thermal efficiency. 

PULVERIZED COAIi. 

Pulverized coal has been successfully used in cement kilns and metallurgic furnaces for 
some time, but it is only in recent years that sufficient progress has been made in its adaptation 
to boiler furnaces to warrant its consideration. However, no laj^e power plants have used 
this form of fuel long enough to give a reliable indication of the results. 

As the future development of firing pulverized fuel may warrant its substitution for stokers, 
provision is made in the power station for sufficient combustion-chamber volume to allow the 
installation to be quickly and cheaply changed. 



USE OF PROCESS FUELS AND PULVERIZED COAL. 
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Table 99.- 



COST. 

-Relative cost of process fuel and of coal for SOOyOOO-kilowatt hose-load steam-electric plants for the superpower 

system. 



Raw-fuel plant: 

' Annual capacity factor per cent. . 

Clearfield coal required per year for Btoker operation, 

short tons 

Process-fuel plant: 

Annual capacity factor per cent. . 

Carbonization capacity: 

Daily short tons. 

Per year. . .'. do 

Resulting coke or semicarbocoal do 

Investment required: 

Total 

Per cent of investment in power plant 



Annual operating expense. 
Annual fixed charges. . . . . 



Total annual production expense. 
Credit from by-products except coKe 



Return from coke sold. 



Net annual cost of fuel 

Cost of 1,200,000 tons of Clearfield coal for use raw 

Difference: 

Total 

Per short ton of Gearfield coal 



Coke from 
by-product 
coke ovens. 



70 

1, 200, 000 

80 

6,850 
2,000,000 
1,410,000 

$14, 400, 000 
45 



$14, 920, 000 
2,880,000 



17, 800, 000 
6, 240, 000 



11, 560, 000 



11,560,000 
7,500,000 



4,060,000 
$3.38 



Qasfrom 
by-product 
coke ovens. 



Semicarboceal 

from low- 
temperature 
distillation 
plants. 



70 

1, 200, 000 

70 

42,000 

10, 800, 000 

7, 550, 000 

$88,000,000 
280 



$80,600,000 
17, 600, 000 



98, 200, 000 
16, 600, 000 



81, 600, 000 
75, 550, 000 



70 

1,200,000 

80 

6,850 
2,000,000 
1,410,000 

$14, 400, 000 
45 



$14, 920, 000 
2,880,000 



17, 800, 000 
8, 440, 000 



9, 360, 000 



6, 050, 000 
7,500,000 



1,450,000 
-$1. 21 



9, 360, 000 
7,500,000 



1, 860, 000 
$1.55 



GasHram 

bituminous 

gas produoars. 



70 

1,200,000 

70 

7,570 
1,930,000 



$22, 710, 000 
71 



$14, 400, 000 
4,542,000 



18, 942, 000 
6, 180, 000 



12, 762, 000 



12, 762, 000 
7,500,000 



5, 262, 000 
$4.38 



APPENDIX L, 

BASIC COSTS. 



By the engineering staff. 



CONSTRUCTION COSTS. 

The costs for labor and materials in construction prevailing at midyear of 1919 are used 
unless otherwise specified. 

FIXED CHAROES AGAINST INVESTMENT. 

Fixed charges against investment have been subdivided into cost of money, depreciation 
apd obsolescence, and taxes and insurance. 

Cost of money, — ^Ten per cent has been taken as the cost of money for investments of all 
claisses. The term '*cost of money" is used to express the allowable return upon investment; 
it includes the rate of interest, discoimts, and profit. The resulting final costs are the price at 
which energy can be sold by the superpower system with proper return upon its investment. 

Depreciation and ohaolescen^^e. — The charge for depreciation and obsolescence is varied to 
provide reserves on an annuity basis for the several classes of investment against which it 

is figured. The percentages used are as fol- 

^^^^^'' Per cent 

Steam-electric power plants 4 

Hydroelectric power plants 3 

Hydraulic works 1 

Transmission lines 2 

Substations 4 

Taxes and insurance. — The following 

percentages have been used for taxes and 

insurance: p^,,^ 

Steam-electric power plants 2 

Complete hydroelectric developments 1. 5 

Transmission lines 1. 5 

Substations 2 
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FiauBK 61.— Relation of general exjMnse to annual gross revenue for 60 
eIectrio>utility companies in the superpower xone. Amortlcation fund, 
interest, taxes, and miscellaneous adjustments have been deducted. 



tiENERAIi EXPENSE. 

General expense includes provision for salaries and expenses of administrative officers, 
engineers, and legal counsel, salaries of clerks, claims, general stationery, printing, and store 
and stable expenses. Amortization, taxes, and insurance have been included under fixed 
charges rather than under general expense. 

An examination of public-service commission records for 60 electric-utility companies in 
the superpower zone showed that general expense ranges from about 10.5 per cent for a gross 
annual revenue of $200,000 to about 3.5 per cent for a gross annual revenue of $5,000,000 or 
more, as is shown by figure 61. 

OVERHEAD CHARGES AGAINST CONSTRUCTION. 

The rate used for interest during construction is 7^ per cent, and this rate applied to the 
construction period for diflFerent classes of work results in the following charges : Steam-electric 
plants, 4i per cent; hydroelectric plants, 6 per cent; transmission lines and substations, 3 per 
cent. Taxes during construction are figured at 1 per cent. Superintendence, engineering, 
and contingencies are figured at 15 per cent. 
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APPENDIX M. 

STATIONS AND TRANSMISSION LINES OF ELECTRIC-POWER COMPANIES 

ENGAGED IN PUBLIC SERVICE, 



By A. H. HoRTON. 



The information given on Plate XI (in pocket) has been obtained from the power com- 
panies in the following manner: A proof map showing the stations and transmission lines of 
the public-utility companies in each State included in the superpower zone was prepared from 
the best information that could be obtained. A section of this map showing the stations and 
transmission lines operated by each company was sent to that company, which was requested 
to examine the map and report to the Geological Survey any errors detected or any changes 
that should be made. From the corrections and additions thus received a revised map of each 
State was prepared. The location of the power stations and transmission lines of those com- 
panies which did not reply to requests for information was determined from available published 
sources. 

The maps were prepared to be pubUshed as separate State maps, and the accompanying 
map of the northeastern United States has been produced from these State maps by photo- 
lithography. The general outline of the superpower zone is shown on the map. In some of 
the congested areas in and around the large cities it was not possible to show all the power 
stations and transmission lines. However, the names and addresses of the companies that 
produce electricity for public use are shown in the following list, which includes the names of 
all companies in each State, even though only a portion of the State is shown on the map. The 
information on the map for New England and New York represents conditions in 1919; for 
Pennsylvania, New Jersey, Maiyland, the District of Columbia, and Delaware, 1920; and for 
Virginia, 1921. 

In this list the names of the operating companies are arranged in alphabetic order, and the 
corresponding file numbers assigned to them are m general arranged m numerical order. These 
file numbers are those used by the Geological Survey in its list of public utilities engaged in the 
production or distribution of electric energy. Where the numerical order conflicts with the 
alphabetic order the latter is followed, but the file number is repeated in the proper place, with 
the name of the operating company. Disarrangement of the numerical order is due to changes 
in the ownership of companies and to the inclusion in the list of certain manufacturing companies 
which sell for pubUc use a part of the current they generate for manufacturing and which are 
distinguished by a different system of file numbers. The generating stations of a company 
that operates more thdn one station are indicated by letters (A, B, C, etc.) placed after the file 
numbers, as 5905-A; the substations of a company that operates more than one substation are 
indicated by prefixing figures (1, 2, 3, etc.) to the file numbers, as 1-5985. The file number 
assigned to a company added to the list after consecutive numbers had been assigned to com- 
panies preceding and following it consists of the preceding number with a figure added, as 
5985-1. A file number that contains more than four digits indicates a company that is not 
engaged primarily in producing electric power or not operated as a public utility. 
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Table 100. — Eledric^power companies engaged in ptiblic service in the States in which the superpower zone is situated. 

Comioctlciit* 



No. 



900 
901 
902 
903 
904 
24095 
903 
906 



907 
920 



907 



909 
910 
911 
912 
24136 
913 



915 

24150 

917 



918 
24211 
920 
921 
922 
924 
951 
925 
927 
928 
929 
930 
931 



932 
934 
936 
938 
939 
942 
945 
946 
947 



24376 
949 



Operating company. 



Baltic Mills Co 

Beacon Fallfl Electric Co 

Biifltol & Plain ville Tramway Co 

Clinton Electric Light & Power Co 

Central Connecticut Power & light Co 

Cheney Bros 

Clinton Electric Light & Power Co 

Connecticut Co. : 

A 

B 

C 

D 

F 

G 

H 

J 

See Connecticut Power Co 

Connecticut Light & Power Co.: 

A 

B 

C 

D 

Connecticut Po^er Co. : 

A 

B 

C 

D 

Danbury & Bethel Gas & Electric Light Co 

Danbury & Bethel Street Railway Co 

Danielson <& Plainfield Gas & Electric Co 

Derby Gas Co 

Dunham Mills (Inc.) 

Eastern Connecticut Power Co. : 

A 

B 

C 

Essex Light & Power Co 

Farminffton River Power Co 

Hartfora Electric Light Co. : 

A 

B 

Hartford & Springfield Street Railway Co 

International Cotton Co 

See Connecticut Light & Power Co 

Kent Electric Li^ht & Gas Co 

Litchfield Electric Light & Power Co 

liyme Electric Power Co 

Manchester Electric Co 

Meriden Electric Liffht Co 

Municipal electric plant 

do 

do 

South Norwalk Electric Works 

Municipal electric plant: 

A 

B 

Mystic Power Co 

New Hartford Electric Co 

New Milford Electric Light Co 

New York, New Haven & Hartford Railroad Co 

Northern Connecticut Light & Power Co 

Peoples Light & Power Co 

Putnam Li^t & Power Co 

Ridffefield Electric Co 

RocKville-Willimantic Lighting Co. : 

A 

B 

C 

Rcovill Manufacturing Co 

Shore Line Electric Railway Co. : 

A 

B 

D 

F 



station . 



Baltic. 

Beacon Falls. 

Bristol. 

Clinton. 

Lees ville. 

Manchester. 

Clinton. 

Berlin. 

Burrville. 
New Haven. 
West Haven. 
Hartford. 
Shelton. 
Danielson. 
Canaan, etc. 

Branford. 
Waterbury. 
Bulls Bridge. 
Stevenson. 

Canaan. 
Falls Village. 
Middletown. 
New London. 
Danbury. 

Do. 
Plainfield. 
Derby. 
Poquonock. 

Montville. 

Timnel. 

Hallville. 

Essex. 

Windsor. 

Tariffville. 

Dutch Point. 

Warehouse Point. 

New Hartford. 

Branford, etc. 

Kent. 

Bantam. 

Lyme. 

South Manchester. 

Meriden. 

Jewett City. 

East Norwalk. 

Norwich. 

South Norwalk. 

Wallingfqrd. 
North Haven. 
Westerly. 
New Hartford. 
New Milford. 
Coscob. 

Windsor Locks. 
Danielson. 
Mechanics ville. 
Ridgefield. 

Rock ville. 
Stafford. 
Willimantic. 
Waterbury. 

Say brook. 
Thames ville. 
Mystic. 
New London. 
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Table 100.---EUcinO'pQwer companies engaged in public service in the States in wkUh the superpower zone isMtuated—^Ocf^. 

Coimecticiit'-Continued. 



No. 



Operating company. 



950 
930 
951 
952 
953 
955 
957 
958 
960 



963 
24773 
965 
966 
24095 
24136 
24150 
24211 
24376 
24473 



Simabury Electric Co 

South Norwalk Electric Works 

Manchester Electric Co 

Stamford Gas & Electric Co 

Talcott Bros 

Torrington Electric Light Co 

Uncas Tower Co '. 

Union Electric Light & Power Co. 
United Uluminating Co. : 

A 

B 

Westport Water Co 

Winchester Repeating Arms Co. . . 

WinstedGasCo 

Woodbury Electric Co 

Cheney Bros 

Dunham Mills (Inc.) 

Farmingpton River Power Co 

International Cotton Co 

Scovill Manufacturing Co 

Winchester Repeating Arms Co. . . 



station. 



Simsbury. . 
South Norwalk. 
South Manchester. 
Stamford. 
Talcott\'ille. 
Torrington. 
Windham. 
Unionville. 

Bridgeport. 

NewHaven. 

Westport. 

New Haven. 

Winsted. 

Woodbury. 

Manchester. 

Poquonock. 

Windsor. 

New Hartford. 

Waterbury. 

New Haven. 



District of Colnmbia. 



1051 

1051-1 

1052 



1053 
1054 



Capital Traction Co 

East Washington Heights Traction Railroad Co 
Potomac Electric Power Co.: 

A 

B 

Washington Railway & Electric Co 

Washington-Virginia Railway Co 



Geor^town. 
Washington. 

Bennings. 
Fourteenth Street. 
Washingtoti. 
Do. 



MaiM. 



3300 



3347 
3301 
3302 



3303 



3304 

3305 

3306 

3307 

3309 

3310, 

3313 

3314 

3315 

3318 



3319 
3320 
3321 



Androscoggin Electric Co.: 

b!!!!!!!!!!!!!!!!!!!!!!!!!"!!!1! 

c 

D 

Androscc^tdn <& Kennebec Railway Co 

Aroostook Valley Railroad Co 

Atlantic Shore ftailway Co. : 

D 

Bangor Power Co.: 

A... 

B 

Bangor Railway & Electric Co 

Bar Harbor & tJnion River Power Co.. 

C. H. Bartlett Manufactiuing Co 

Belgrade Power C^ 

Berwick & Salmon Falls Electric Co... 

Bethel Light Co 

Bridgewater Electric Co 

Bridgton Water & Electric Co 

Brown ville Electric Light & Power Co. 
Calais Street Railway Co.: 

A 

B 

Carrabassett Light & Power Co 

Caribou Water, Light & Power Co 

Central Maine Power Co. : 

A 

B 

C 

D 

E 

F 

G 



Barkers Mills. 
Deer Rip No. 1. 
Lewiston No. 4. 
Littlefield No. 2. 
Hallowell. 
Presque Isle. 

Estes. 

Kennebunkport. 
Old Falls. 

Milford. 

Veazie. 

Bangor. 

Ellsworth. 

North New Portland. 

Belgrade. 

South Berwick. 

Bethel. 

Bridgewater Center. 

Bridgton . 

Brown ville. 

Calais. 

Do. 
North Anson. 
Caribou. 

Augusta. 

Bath. 

Belfast. 

Brunswick. 

Benton. 

Fairfield. 

East Orland. 
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Tablb 100.— 'Electric-power comp<mie8 engaged in pibblui 8^^ 

Maine— Continued. 



No. 



3321 



3322 
3323 
3324 
3325 



3326 
3327 
3329 
3330 
3333 
3334 
3336 
3337 
3338 
3339 
3340 
3341 
35743 
3343 
3344 
3346 
3347 
3348 
3349 
3376 



3350 
3351 
3352 
3354 
3355 
3354 
3356 



3357 
3358 
3359 
3360 
3361 
3363 
3364 
3365 
3366 
3367 
3368 



3370 



Operating company. 



Central Maine Power Co. — Continued. 

H 

J 

K 



station. 



L.. 
M. 

N.. 
P.. 
R.. 
T.. 

v.. 

W.. 
X.. 
Y.. 

AA. 



Cherryfield Electric Light Co 

Clark Power Co 

Comieh & Kezar Falls light & Power Co. 
Cumberland County Power & Light Co.: 
A , 



B. 
C. 
D. 
E. 
F. 
G. 



Danforth Electric Light Co. 

Dennistown Power (S) 

Eaeton Electric Ck) 



EastpNort Electric Light Co 

Farmington Power Co 

Fort Fairfield li^ht & Pow^ Co. 

Fort Kent Electric Co 

Franklin Lifht & Power Co 

Pryeburg Electric Light Co 

Gould Electric Co 

Hartland Electric Light Co 

Houlton Water Co 

International Paper Co 

Island Lighting Co 

Vinalhaven Light & Power Co 

Kingfield Light Co. 

Androscoegin & Kennebec Railway Co. 

Western fiSdne Power Co 

Limestone light & Power Co 

Lincoln County Power Co.: 

A 

B 

Lisbon Falls Electric Co 

Livermore Falls Light & Power Co 

WacMngton County Light & Power Co. 

Merrill lliill Co 

Mallison Power Co 

Merrill Mill Co 

Milo Electric Light & Power Co.: 

A 

B 

Monmouth Electric Co 

Monson Light & Power Co 

Monticello Electric Co 

G. H. Mooers 

Municipal electric plant 

do 

do 

do 

do 

Oquosaoc Light & Power Co 

Oxford Electric Co. : 

A 

B 

C 

Pennamaquam Power Co 



Fairfield. 

Farmingdale. 

East Dover. 

Greenville. 

Bumham. 

Union Gas. 

Skowhegan. 

Do. 
Water ville. 
Oakland. 
Winslow. 
Rice Rips. 
Skowhepan. 
Bruns^nck. 
Cherryfield. 
Union Falls. 
Kezar Falls. 

Bonny Eaele. 

North Gornam. 

Bar Mills. 

West Buxton. 

Hiram. 

Forest Avenue. 

Plum Street. 

Danforth Village. 

Jackman. 

Easton. 

EastpK>rt. 

Fannington. 

Fort Fairfield. 

WallagrasB. 

Anson. 

Fryeburg. 

Presgue Isle. 

Hartland. 

Houlton. 

Livermore Falls. 

Island Falls. 

Vinalhaven. 

Kingfield. 

Haliowell. 

Limerick. 

Limestone. 

Damariscotta Mills. 

Bristol. 

Boston, Mass. 

Livermore Falls. 

Machias, etc. 

Patten. 

South Windham. 

Patten. 

Milo. 

Sebec. 

Monmouth. 

Monson. 

Monticello. 

A^land. 

Bangor. 

Kennebunk. 

Lewiston. 

Madison. 

Newport. 

Kennebago Falls. 

Mechanic Falls. 
Norway. 
South Paris. 
Pembroke. 
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Table 100. — Mectric'pcwer companies engaged in public service in the States in which the superpower tone is sUuated--<^on. 

MafaM— Gontlnufid. 



No. 



3373 

3376 

3377-1 

3378 



3379 
3382 
3383 
3385 
3388 
3389 
3390 
3391 
3391-1 
3392 
3344 
3352 



3348 
3395 
3396 
3397 
36799 
3400 
3401 
3403 
3404 



35743 
35799 



Operating company. 



PhillipB Electric light <& Power Co 

Lincoln County Power Co 

Portsmouth, Dover & York Street Railway Co 
Presumpecot Electric Co.: 

A 

B 

C 

D 

Readfield light & Power Co 

Rumford Fafls light & Water Co 

Rumford Fallg Power Co 

Somerset Traction Co 

Stratton Electric light Co 

Swan Falls Co 

C. A. Thompson & Co 

Turner Light dc Power Co 

Turner Transformer Co 

Van Buren Li^ht & Power district 

Vini^aven Light & Power Co 

Washington County Light & Power Co.: 

A 

B 

Western Maine Power Co 

Westfield Electric Co 

A. George Weymouth 

Wilton Light Co : 

Wing Spool & Bobbin Co 

Winuirop & Wayne Light & Power Co 

Wiscasset Electric Light & Power Co 

Yarmouth Luting (S> 

York County rower Co.: 

A 

B 

International Paper Co 

Wing Spool & Bobbin Co 



station. 



PhiUipe. 

Damariscotta Mills, etc. 
Kittery Point. 

Dundee. 
Eel Weir. 
Saccarappa. 
Smelt Hill. 
Readfield. 
Rumford. 

Do. 
Skowhegan. 
Eufitis. 
Pryeburg. 
New Sharon. 
Turner. 
South Turner. 
Van Buren. 
Vinalhaven. 

Machias. 

Pleasant River. 

limerick. 

Westfield. 

Farmington Falls. 

Wilton. 

Kingfield. 

Winthrop. 

"Wiscasset. 

Yarmouth. 

Biddeford. 
Sanford. 
livermore Falls. 
Kingfield. 



Maryland. 



3500 
3501 
3502 
3504 
3505 
3506 
3508 



3509 

3510-1 

3511 

3513 



3514 
3513 
3516 
3517 



3518 
3519 



3520 
3521 
3522 
3523 
3524 
3525 



Annapolis Public Utilities Co 

Antietam Electric Light & Power Co 

Baltimore County Electric Co 

Bsdtimore, Halethorpe & Elkridge Railway Co 

Baltimore, Sorrows Point & Chesapeake Railway Co 

Baltimore <& Bel Air Electric Railway Co '. 

Bel Air Electric t!o.: 

A 

B 

E. A. C. Bucky 

Capital Traction Go 

Ohestertown Electric JAght & Power Co 

Consolidated Gas, Electric Light & Power Co. : 

A 



Consolidated Public Utilities Co 

Consumers Ice Co 

Cumberland Electric Railway Co 

Cumberland <& Westemport Electric Railway Co.: 

A ". 

B 

Delmarvia Utilities Co 

Eastern Shore Gas & Electric Co.: 

A 

B 

C 

Edison Electric Illuminating Co 

Electric Ice Manufacturing Co 

Elkton Electric Li^ht & Power Co 

Emmitsbure Electric Oo 

Gilpins Falls Electric Co 

Hagerstown & Frederick Railway Co 



Annapolis. 

Breatnedsville. 

Baltimore. 

Do. 

Do. 
Bel Air. 

Bel Air No. 1. 
Bel Air No. 2. 
Union Bridge. 
Chevy Chase. 
Chestertown. 

Ilchester. 

Westport. 

Westminster. 

Crisfield. 

Cumberland. 

Clarysville. 
Reynolds. 
Ocean City. 

Denton (hydroelectric), 

Salisbury. 

Denton (steam). 

Cumberland. 

Pocomoke City. 

Elkton. 

Emmitsburg. 

Gilpins Falb. 

Security. 
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Table 100. — Eleetrici>'power companies engaged in public service in the Stales in which the superpower zone is situated— ^kxl 

Maryland-— Continued. 



No. 



3526 
3626-1 
3627 
3528 
3530 
3531 
3632 
3533 
3534 
3535 
3536 
3537 
3538 
3540 
3641 
3542 
3543 
3543-1 
3643-2 
3544 
3545 
3545-1 
3546 
3549 
3550 
3551 
3552 
3655 
3561-1 
3667 
3658 
3559 



3660 



Operating company 



Havre de Grace Electric Co 

Hillsbord Lighting Co 

Home Electric Li^ht Co 

Home Manufactunng Light & Power Co 

Kensington Railway Co. & Sandy Spring Railway Co. 

Lorraine Electric Bidlway 

Maryland Electric Railways Co 

Midland Electric Light Co'... 

Mountain Lake Park Association 

Mount Washington Electric Light & Power Co 

Municipal electric plant 

do 1 



do. 
do. 
do. 
do. 
do. 
do. 
.do. 
.do. 



New Windsor Electric Light & Water Co 

Northern Maryland Electric Co 

Oakland Electric Co 

Perryville Electric Co 

Port Deposit Electric Co 

Princess Anne Electric Plant 

St. Michaels Utilities Commission 

Snow Hill Electric Light & Power Co 

Stockton Electric Light Co 

TowBon & Cockeysville Electric Railway Co. 

Union Bridge Electric Manufacturing Co 

United Railways & Electric Co.: 

C 

D 



station. 



Washington, Baltimore & Annapolis Electric Railroad Co. 



Havre de Grace. 

Hillshoro. 

Lonaconing. 

Elkton. 

Kensington. 

Baltimore. 

AnnapoUs. 

Midland. 

Mountain Lake Park. 

Baltimore. 

Aberdeen. 

Berlin. 

Centerville. 

Easton. 

Frederick. 

Hagerstown. 

Laurel. 

Queenstown. 

Rock Hall. 

Williamsport. 

New Windsor. 

Oxford, Pa. 

Oakland. 

Perryville. 

Port Deposit. 

Princess Anne. 

St. Michaels. 

Snow Hill. 

Stockton. 

Bel Air. 

Union Bridge. 

Owings Mills, Baltimore. 
Pratt Street, Baltimore. 
Baltimore. 



M 



hnaetts. 



3601 
3602 
3603 
3604 
3606 



3607 
3608 
3609 
3610 



3611 
3612 
3614 
3616 



3618 
3620 
3621 
3622 
37440-1 
3623 
3626 
3627 



Agawam Electric Co 

American Woolen Co 

Amesbury Electric Light Co 

Amherst Gas Co 

Athol Gas & Electric Co.: 

A 

B 

C 

Attleboro Steam & Electric Co 

Ayer Electric lAght Co 

Eastern Massachusetts Street Railway Co. 
Berkshire Street Railway Co. : 

A 

B 

Beverly Gas & Electric Co 

Blackstone Electric Light Co 

Blue Hill Street Raibx)ad Co 

Boston Elevated Railway Co. : 

A 

B 

C 

D 

E 

F 

Boston & Worcester Street Railroad Co. . . 
Brockton & Plvmouth Street Railway Co 

Buzzards Bay Electric Co 

Cambridge Electric Light Co 

Cape Cod Cold Storage Co 

Central Massachusetts Electric Co 

Charlemont Electric Light & Power Co. . . 
Charlestown Gas & Electric Co 



Springfield. 
Maynard. 
Amesbiiry. 
Amherst. 

Athol. 

Wendell Depot. 
Farley. 
Attleboro. 
Ayer. 
Byfield, etc. 

Pittsfield. 

Zylonite. 

Beverly. 

Blackstone. 

Canton. 

Central. 

Charlestown. 

Dorchester. 

Cambridge. 

Lincoln. 

South Boston. 

Framingham. 

Plymouth. 

Falmouth. 

Cambridge. 

Provincetown. 

Blanchard\ille. 

Charlemont. 

Charlestown. 
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-Table 100. — Electriopower companies engaged in •public service %n the States in which the superpower zone is situated — Con. 

Mamachasetts — Continued. 



No. 



3628 
3629 
3630 
3631 
3633 
3633-1 
3609 



Operating company. 



Station. 



3634 
3636 



3637 
3638 
3639 
3640 
3641 



3642 
3643 
3644 
3646 



3648 
3649 
3950 
3651 
3653 
3655 
3656 
3658 
3660 
3662 
3664 
3665 
3666 
3667 
3669 
3669-1 



3671 
3672 
3673 
3675 
3676 



3677 
3678 
3679 
3681 
3682 
3683 
3684 
3684-1 
3685 
3686 
3687 



Chester Electric Light Co 

Citizens Gas, Electric Light & Power Co 

Clinton Gas Light Co 

Concord, Maynard & Hudson Street Hailroad Co. 

Conway Electric Street Railway Co 

Eastern Massachtisetts Electric Co 

Eastern Massachusetts Street Railway Co. : 

A :: 



B. 

C. 

D. 

E. 

F. 

H 

J. 

K 

L. 

M 

N. 



Easthampton Gas Co 

Edison Electric Illuminating Co. of Boston: 

A 

D 

Edison Electric Illuminating Co. of Brockton 

Electric Li^t & Power Co. of Abington and Rockland. 

Fall River Electric Light Co 

Fitdibui^g Gas & Electric Light Co 

Fltchburg & Leominster Street Railway Co. : 

A 

B 

Frtmklin Electric Light Co 

Gardner Electric Limt Co 

Gloucester Electric Co , 

Greenfield Electric Light & Power Co. : 

A 

B 

Haverhill Electric Co 

Holyoke Street Railway Co 

Holyoke Water Power Co 

Huntington Electric Light Co 

Interstate Consolidated Street Railway Co 

Lawrence Gas Co 

Lee Electric Co 

Leominster Electric Light & Power Co 

Lowell Electric Light Corporation 

Ludlow Electric Li^ht Co 

Lynn Gas & Electnc Co 

Maiden Electric Co 

Manchester Electric Co 

Marlboro Electric Co 

Merrimac Valley Building & Power Co 

Metropolitan District Commission: 

A 

B/ 

Middletown Electric I ight Co 

Milford, Attleboro & Woonsocket Street Railway Co — 

Milford Electric Light & Power Co 

Mill River Electric Co 

Monument Mills: 

A 

B 

Municipal electric plant 

do 



do 

do 

do 

do 

do 

do 

Pepperell Electric Light & Power Co 

Municipal electric phmt 

do , 



Chester. 

Nantucket. 

Clinton. 

Maynard. 

Conway. 

Boston. 

Bvfield. 

Ctielsea. 

Essex Falls. 

Gloucester. 

Haverhill. 

Hyde Park. 

Lawrence. 

Quincy. 

Lynn. 

Salem. 

Wobum. 

Lowell. 

Montague City. 

South Boston. 
Atlantic Avenue. 
East Bridgewater. 
North Abington. 
Fall River. 
Pitchburg. 

Do. 

Do. 
Turners Falls. 
Gardner. 
Gloucester. 

Greenfield. 
Gardner Falls. 
Haverhill. 
Holyoke. 

Do. 
Huntington. 
Springfield. 
Lawrence. 
Lee. 

Leominster. 
Lowell. 
Ludlow. 
Lynn. 
Maiden. 
Manchester. 
Marlboro. 
Amesbury. 

Wachusett. 

Sudbury. 

Middletown. 

Union viUe. 

Boston. 

Williamsburg. 

Stockbridge No. 1. 

Stockbridge No. 2. 

Ashbumham. 

Belmont. 

Boylston Center. 

Chicopee. 

Concord. 

Danvers. 

East Braintree. 

Georgetown. 

East Pepperell. 

Groton. 

Groveiand. 
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Table 100. — EUctnc-power companies engaged in public service in the States in which the superpower zone is sitwated — Con* 

Maanchnaetts— Contlniwd . 



No. 



3688 
3689 
3690 
3691 
3692 
3693 
3694 
3695 
3696 
3697 
3698 
3699 
3700 
3725 
3701 
3702 
3704 
3705 
3706 
3707 
3708 
3709 
3710 
3711 
3712 
3713 
3714 
3717 
3719 
3720 



Operating company. 



3721 
3722 
3723 
3724 
3725 
3727 
3729 
3685 
3734 



3735 
3739 
3740 
3741 
3742 
3743 
3744 
3745 
3746 
3747 
3749 
3751 
3752 
3755 



3756 
3757 
3758 
3759 



Station. 



Municipal electric plant. 
do 



do. 
do. 
do. 
do. 
do. 
do. 
.do. 
.do. 
.do. 
.do, 
.do. 
do. 
do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 



New Bedford Gas & Edison Light Co. 

Newburyport Gas & Electric Ck) 

New England Power Co. : 

A 



B 
C. 
D. 
E. 



Norfolk A Bristol Street Railway Co 

North Adams Gas Light Co 

Northampton Electric Lighting Co 

Northampton Street Railway Co 

Municipal electric plant 

Norton Power & Electric Co 

Norton, Taimton & Attleboro Street Railway Co. 

Pepperell Electric Light & Power Co 

Pittsfield Electric Co. : 

A 



B 

Plymouth Electric Light Co 

Provincetown Lieht & Power Co 

Qdincy Electric Light & Power Co 

Randolph & Holbrook Power & Electric Co 

Salem Electric Lighting Co 

Seekonk Electric Co 

Shelbume Falls & Colendn Street Railway Co. . 

Shirley Electric Co 

Southeastern Massachusetts Power & Electric Co 

Spencer Gas Co 

Southern Berkshire Power & Electric Co 

Suburban Gas & Electric Co 

Sunderland Electric Light & Power Co 

Turners Falls Power & Electric Co. : 

A 



Ty 
IJh 



B 

C 

ngsboro Electric Light Co. 

nion Light & Power Co 

Union Street Railway Co 

United Electric Light Co. : 

A 

B 

C 



Hineham. 

Holaen. 

Holyoke. 

Hudson. 

Hull. 

Ipswidi. 

Littleton. 

Limenbuiig. 

Mansfield. 

Marblehead. 

Merrimac. 

Middleboro. 

North Attleboro. 

North Dana. 

Norwood. 

Peabody. 

Reading. 

Rowley. 

Shrewsbury. 

South Hacfley. 

Sterling. 

Taunton. 

Templeton. 

Wakefield. 

Wellesley. 

West Boylston. 

Westfield. 

New Bedford. 

Newburyport. 

Deerfield No. 5. 
Deerfield No. 2. 
Deerfield No. 3. 
Deerfield No. 4. 
Pitchbuiig. 
Uxbridge. 
South Walpole. 
North Adams. 
Northampton. 

Do. 
North Dana. 
Chartley. 
Norton. 
East Pepperell. 

Silver Lake. 

Pittsfield. 

Plymouth. 

Provincetown. 

Quincy. 

Randolph. 

Sa4em. 

Seekonk. 

Shelbume Falls. 

Shirley. 

Marion. 

Spencer. 

Great Barrington. 

Revere. 

Sunderland. 

Hampden. 
Turners Falls. 
Cabot. 
Tyngsboro. 
FraiDclin. 
New Bedford. 

Indian Orchard. 
Bircham Bend. 
Springfield. 
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Table 100. — ElectriO'power companies engaged in public service in the States in which the superpower zone is situated— CasL 



No. 



3760 



.3761 
3764 
3764-1 
3765 
3766 
3767 
3768 



3769 

3770 

37440-1 



Operating oompaay. 



Vinevard Lighting Co.: 

Ware Electric Co 

Webster & Southbridge Cras & Electric Co, 

Westfield Power Co 

Weymouth Light & Power Co 

Wiuiamstown Gas Co 

Winchendon Electric Light A Power Co. . 
Worcester Consolidated Street Railway Co 

B 

C 

D 

E 

Worcester Electric light Co 

Worcester Suburban Electric Co 

Cape Cod Cold Storage Co , 



station. 



Vineyard Haven. 
Oak Bluffs. 
Ware. 
Webster. 
Westfield. 
East Weymouth. 
Williamstbwn. 
Winchendon. 

Leominster. 
Milbury. 
Northboro. 
West Berlin. 
Webster Street. 
Uxbridge. 
Province town. 



New Hampelilre. 



5400 
5401 
5402 



5403 
5404 
5405 
5406 
5407 
5408 
5410 
5412 
5414 
5415 
5406 



5416 
5417 
5418 
5422 
5423 
5424 



5425 
5425-1 



5426 
5427 
5429 
5430 
5431 
5432 



5433 



5435 



William F. Allen light Co 

Alton Electric Light & Power Co 

Antrim-Bennington Electric Light & Power Co.: 

A 

B 

Mimicipal Electric Commission 

Berlin Street Railway Co 

Bethlehem Electric Co 

See Concord Electric Railways 

Bradford Light & Power Co ! 

Bristol Electric li^t Co 

Canaan & Enfield Electric Co 

Vermont Hydro Electric Corporat'on 

Cloutman (Jas & Electric Co 

Concord Electric Co 

Concord Electric Railways: 

A 

B 

Contoocook Electric light Co 

Conway Electric light & Power Co 

Derry Electric Co 

Exeter & Hampton Electric Co 

O. D. Fessenden 

Franklin Light & Power Co.: 

A 

B 

Goodrich FaUa Electric Co 

Grafton County Electric light & Power Co.: 

A 

B 

C 

Greenville Electric Lighting Co 

Gxoveton Electric Light Co 

Hillsboro Electric Light & Power Co 

HoUifl Electric Light Co 

Jones & Linscott Electric Co 

Keene Gas & Electric Co.: 

A 

B 

C 

D 

E 

Laconia Gas & Electric Co. : 

A 

B 

Lisbon light & Power Co. : 

A 

B 

C 



West Stewartatown. 
Alton. 

Antrim. 

Bennington. 

Ashland. 

Gorham. 

Bethlehem. 

Franklin, etc. 

Bradford. 

Bristol. 

Raymond. 

Claj*emont. 

Farmington. 

Sewalls Falls. 

FrankliD. 

West Concord. 

Davisville. 

Center Conway, 

Deny. 

Exeter. 

South Brookline. 

Franklin. 
Salmon Brook. 
Goodrich Trails. 

West Lebanon. 

I^banon. 

West Lebanon. 

Greenville. 

Groveton. 

Hillsboro. 

HoUis. 

Lancaster. 

Swanzey. 

bo. 
Dublin. 
Peterboro. 
Marlboro. 

Lochmere. 
I^keport. 

Lisbon. 

Bath. 

Lisbon: 
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Tablb 100. — EUctnc^povoer compamet engaged in public service in the States in wkuA the superpower zone is situated — Con. 

New Hampaliire— Continued. 



No. 



5437 



5442 
5443 
5403 
5444 
5445 
5447 
5448 
5450 



4645&-1 



5454 
5455 
5457 
5458 



5458-1 
5459 
5462 
5463 
5465 



5412 
5468 
5469 
5470 
5471 
5472 
46459-1 



OiMrating company. 



Manchester Traction, Light & Power Co. : 
A 



C. 
D. 
E. 
F. 
G. 



station. 



Meredith Electric Light Co. . . , 

Milford Light & Power Co 

Municipal Electric Commiaeion. 

Municipal electric plant 

do 



New Hampshire Water & Electric Power Co 
New Hampton Electric Light & Power Co. . . 
Newport Electric Light Co. : 



B 

Parker Young Co.: 
A 



B 

PittBfield Light & Power Co 

Plymouth Electric Light Co 

Raymond Electric Co 

Rockingham County Light & Power Co.: 

A. t 






B 

Rumney Electric Co 

Salem Electric Light Co 

Sunapee Electric Light & Power Co. 
Tilton Electric Liriit <fe Power Co. . 
Twin State Gas <fe Electric Co.: 
A 



B. 
C. 



Vermont Hydro Electric Corporation. 

Wentworth-Hall Electric Co 

West Campton Electric Light Co 

Whitefield Electric Light Co 

WonaJancet Electric Od 

Woodsville Aqueduct Corporation 

Parker Young Co 



Brook Street. 
Garvin Falls. 
Greggs Falls. 
Hooksett. 
Kelleys Falls. 
Nashua. 
Meredith. 
Milford. 
Ashland. 
Littleton. 
Wolfeboro. 
Fitz William. 
New Hampton. 

Newport. 
Nortn Newport. 

Lincoln. 
Do. 
Pittsfield. 
Plymouth. 
Raymond. 

Portsmouth. 

Durham. 

Rumney. 

North »Edem. 

Sunapee. 

Tilton. 

Dover. 

Gorham. 

Milton. 

Claremont. 

Jackson. 

West Campton. 

Whitefield. 

Wonalancet. 

Woodsville. 

Lincoln. 



Nflw JsraojT. 



5500 



5502 
5503 
5504 
5505 
5506 
5506-1 
5507 
5508 
5509 

5511 
5513 
5514 
5593 
5515 
5517 
5594 



5519 
5520 
5522 



Atlantic City Electric Co. : 

A ^. 

B 

C 

Atlantic City A Shore Railroad Co 

Atlantic CoaiBt Electric Li^ht Co 

Atlantic Coast Electric Riulway Co 

Atlantic County Electric Co 

Atlantic & Suburban Railway Co 

Bameratt Li^ht & Power Co 

Blair Electric Tiight Co 

Boonton Electric Co 

Branchville Electric Power^ Water & Lighting Co 

Brid^ton & Millville Traction Co 

Burlington County Transit Co 

Califon Electric llight & Power Co 

Cape May Court House Lig^t & Water Co 

Cape May Light & Power Co 

Central PasBenger Railway Co 

E. R. CoUins & Son: 

A 

B 

Commonwealth Electric Co 

Consolidated Gas Co. of New Jersey 

Pennsylvania Utilities Co 



Atlantic City. 

Ocean City. 

Pleasantville. 

Atlantic City. 

Asbury Park. 

Allenhurst. 

Egg Harbor. 

Pleasantville. 

Seaside Heights. 

Blairstown. 

Boonton. 

Branchville. 

Bridgeton. 

Hainesport. 

Califon. 

Cape May Court House 

Cape May. 

Atlantic City. 

Market Street, Belvidere. 

South Water Street, Belvidere. 

Summit. 

Long Branch. 

Columbia. 
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Tabls 100. — Electrio-power companies engaged in public service in the States in wkich the superpower zone is situated — Con. 

New Jersej— Cantlnued. 



No. 



5523 



5524 
5524-1 
5525 
5526 
5527 
5528 
5529 
5530 
5531 
5533 
5534 
5536 
5536-1 
5537 
5538 
5540 
5541 



47543 
5542 
5543 
5544 
5546 
5547 
5548 
5549 
5550 
5551 
5525 
5553 
5554 
5555 
5556 
5557 
5557-1 
5558 
5559 
5560 
5561 
5562 



5564 
5565 

5665-1 
5566 

6566-1 
5567 
5568 
5569 
6522 
6671 
5576 



Oi>erating company. 



Electric Go. of New Jersey: 



B 



Electric Light A Power Co 

Eureka Power Co 

Five Mile Beach Electric Railway Co 

Flemington Electric Light, Heat & Power Co. 

Hackettertown Electric Light Co 

Hammonton & E^ Harbor City Gas Co 

Hanriflon HeightsTmprovement Co 

Hoboken Shore Road 

Hunterdon Electric & Power Co 

Jamesburg Electric Co 

Jersey C-entral Traction Co 

Jersey Electric Co 

J. C. Kennedy Electric Co 

Lakewood & Coast Electric Co 

Lambertville Public Service Co 

Millbum Electric Co 

Millville Electric Light Co.: 

A 



B. 



Millville Manufacturing Co — 

Millville Traction Co 

Monmouth County Electric Co 

Monmouth Lighting Co 

Morris County Traction Co 

Morris Railroad Co 

Morris & Somerset Electric Co. 

Municipal electric plant 

do 



do, 
do. 
do. 
do. 
do. 
do. 
do. 
do, 
do. 
do. 
do. 



New Egypt Light, Heat, Power & Water Co. 
New Jersey Power & light Co. : 

C 



D 



New Jersey & Pennsylvania Traction Co 

New Jersey Water & light Co 

New York Edison Co 

Newton Gas & Electric Co 

Northampton, Easton & Washington Traction Co. 

North Jersey Rapid Transit Co 

Ocean City Electric Railroad Co 

Ocean Grove Camp Meeting 

Pennsylvania Utilitiefl Co 

PhilHpsburg Transit Co 

Public Service Electric Co.: 

A 



B. 

D. 

E. 

F. 

G. 

H 

I. 

J. 

K 

L. 

N. 

O. 

P. 

R. 

S. 



station. 



Salem. 

Bridgeton. 

Hightstown. 

Trenton. 

Camden. 

Flemington. 

Hackettstown. 

Hammonton. 

MuUica Hill. 

Hoboken. 

High Bridge. 

Jamesburg. 

Keyport. 

High Bridge. 

Long Valley. 

Lakewood. 

Lambertville. 

Millbum. 

m 

Sharp Street. 
Second Street. 
Millville. 

Do. 
Red Bank. 
Keyport. 
Momstown. 

Do. 

Do. 
AUentown. 
Andover. 

Atlantic HighlandB. 
Butler. 
Chatham. 
Frenchtown. 
Madison. 
Oranee. 
Park Kidge. 
Pompton Lakes. 
Seaside Park. 
South River. 
Vineland. 
New Egypt 

Dover. 

Boonton. 

Trenton. 

Deal Beach. 

Jersey City power house* 

Newton. 

Port Colden. 

Paterson. 

Ocean City. 

Bradley B^ach. 

Columbia. 

Phillipsbuig. 

Edgewater. 

Metuchen. 

Buckingham Avenue. 

Red Bank. 

City dock, Newark. 

Coal Street, Newark. 

Hoboken. 

Marion (Jersey City). 

Paterson. 

Camden. 

Burlington. 

Plainsboro. 

Trenton. 

Cranford. 

Secaucus. 
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Table 100. — Eledrie'pawer oompamet engaged in public service in the States in which the superpower zone is sUtuUed—Con, 

New Jcraej— Continued. 



No. 



6576 
6577 
47661 
5580 
5581 
5582 
6584 
5587 
5588 
6589 
5590 
5591 
5598 
5593 
5594 



5595 
5596 
5597 
5598 
5600 
6601 
47543 
47551 



Operating company. 



Public Service Railway Co 

Rockland Electric Co. of New Jersey 

Sayre d Fisher Co 

Sayreville Electric Light & Power Co 

Seacoaat Traction Co 

Sea Isle City Electric li^ht, Power A Water Co. 

Stone Harbor Electric Light & Power Co 

Toms River Electric Co 

Trenton, Lakewood & Seacoast Railway 

Trenton, I-awrenceville & Princeton Railroad Co 

Trenton & Mercer Co. Traction Corporation 

Trenton Street Railway Co 

Vulcan Power Co 

Cape May Court House light & Water Co 

E. R.Collins & Son: 

A 

B 

Washington Electric Co 

West Jersey Electric Co 

West Jersey & Seashore Railroad Co 

Vulcan Power Co 

Woodbine Land & Improvement Co 

Woodboume Electric Light, Heat & Power Co . . 

Millville Manufacturing Co 

Sa3nre & Fisher Co 



Station. 



Newark. 

Gloucester. 

Sayreville. 

Do. 
Seagirt. 
Sea Isle City. 
Stone Harbor. 
Toms River. 
Trenton. 

Do. 

Do. 

Do. 
NetcoM. 
Cape li&y Court House. 

Market Street, Belvidere. 

South Water Street, Belvidere. 

Washington. 

Wildwood. 

Westville. 

Netconjj. 

Woodbine. 

Woodboume. 

Millville. 

Sayreville. 



New York. 



5800 
5801 
6180 



5804 
5805 
5806 
5807 
5809 
5811 
5812 
5813 
5814 
5817 
5946 
5821 
5822 



5823 

5824 
5825-1 
5826 
5827 
5828 
5893 
5832 



5833 
5834 



Adams Electric Li^ht Co 

Addison Electric Lisht & Power Co 

Adirondack Power A Light Corporation: 

A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

L 

Adrian Knitting Co 

Af ton- Windsor Lid^t, Heat & Power Co. (Inc.) 

Albany Southern Railroad Co 

Antwerp Light & Power Co 

Atlantic Light & Power Co 

Auburn & Syracuse Electric Railroad 

Aurora Electric Light Co 

Ausable Valley Light, Heat & Power Co 

Avon Electric Co 

Batavia Traction Co 

Berkshire Street Railwav Co 

Berlin Electric Light, Heat & Power Co 

Binghamton Light, Heat & Power Co. : 

A ; 

B 

Binghamton Railway Co 

Black River Traction Co 

Bombay Electric Corporation 

Boquet Electric Power Co 

Broadalbin Electric light & Power Co 

Bronx Gas & Electric Co 

Brooklyn Edison Co 

Brooklyn Rapid Transit Co. : 

A 

B 

C 

Bryant Power Co. (Inc.) 

Buffalo General Electric Co 



Adams. 
Addison. 

Johnsonville. 

Schaghticoke. 

East Creek. 

Inghams Mills. 

Mechanics ville. 

Schoharie Falls. 

Spier Falls. 

Utica. 

Kanes Falls. 

North Granville. 

Granville. 

Sanquoit. 

Center Village. 

Stuy vesant Falls. 

Antwerp. 

Coeymans. 

Syracuse. 

Aurora. 

Keene. 

Avon. 

Batavia. 

Walloomsac. 

Berlin. 

Binghamton. 

Johnson City. 

Binghamton. 

Watertown. 

Bombay. 

Essex. 

Broadalbin. 

Bronx. 

Gold Street. 

Central Power. 
Williamsburg. 
Ninth Street. 
Buffalo. 
Do. 
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Table 100. — EUctrie-power companies engaged in public sennee in the States in which the superpower zone is n/twterf— Con. 

New Tork— Continued. 



No. 



5^5 
5836 
5839 
5840 
5842 
5843 

6843-1 
5844 
5846 
5847 

5847-1 
5848 
5849 



5851 
5853 
5854 
5855 
5856 
48834 
5858 

6858-1 
5859 
5862 
5863 
5867 
5868 

5868-1 
5869 

5869-1 
5871 
5873 
5874 
5875 
5876 
5877 
5878 
5879 
5882 
50256-1 
5885 
5886 
5887 
5888 
5891 
6892 



6893 
6895 
6896 
6897 
5898 
5900 
5901 
5903 



0])erating company 



5904 
5905 
5906 
49143 
5907 
5908 
5909 
5910 
5911 



Rochester, Ix)ckport & Buffalo Railroad Corporation. 

Buffalo & Depew Railway Co 

Buffalo & Williamsville Electric Railway Co 

Buffalo Southern Railway Co 

Callicoon Independent Electric Co. (Inc.) 

Canaseraga Heat, Light & Power Co' 

Canisteo Light & Power Co 

Canton Electric Li^ht & Power Co. 



Cattaraugus Electnc Lieht & Power Co 

Cayadutta Generating CTo 

Cayuga Power Corporation 

Cazenovia Electric Co 

Central Hudson Gas & Electric Co.: 

A 

B 

Central New York Power Co 

Champlain Electric Co 

Chasm Power Co 

Chautauqua Traction Co 

Chatham Electric Light, Heat & Power Co 

A. C. Cheney Piano Action Co 

Clinton Hematite Mines 

Clymer Power Corporation 

Conoes Power & Lidit Corporation 

Cold Spring Light, Ueat & Power Co 

College Hifl Electric Light Co 

Consolidated Electric Co. . ^ , 

Consolidated Light & Power Co 

Consumers Gas Co 

Corinth Electric Light & Power Co 

Coming Light & Power Corporation 

Cortland County Traction Co 

Croton Falls Electric light Plant 

Dansville Gas & Electric Co 

Deansboro Electric Light Plant 

Deer River Power Co 

Delaware County Electric Light & Power Co 

Delaware & Otsego Li^ht & Power Co 

Depew & Lancaster Li^ht, Power & Conduit Co. 

Dundee Electric Lifting Plant 

John Dunlop*s Sons 

Dutchess Light, Heat & Power Co 

Dwaas Electric Co 

Earlville Electric lidit Co 

East Aurora Electric Light Co 

East Hampton Electric Light Co 

Eaton-Morrisville Power Co.: 

A 

B 

Brooklyn Edison Co 

Edwards Light <fe Power Co 

Electric Li^t Co. of Newpaltz 

Elizabethtown Electric Plant 

EUenville Electric Co 

Elmira, Coming & Waverly Railroad 

Elmira Water, Light & Railroad Co 

Empire Gas & Electric Co. : 

A 



B 

C. 

D 

E 

F. 



Empire State Railroad Corporation 

Erie Railroad Co 

Falconer Electric Light Co 

Endicott, Johnson & Co 

W. H. Faxon Electric Plant 

Fish^^ Island Electric Light & Power Co. 

Fiahkill Electric Railway Co 

Flatbush Gas Co .' 

Fonda, Johnstown & Gloversville Railroad. 



station. 



Rochester. 

Buffalo. 

Williamsville. 

Ebenezer. 

Callicoon. 

Canaseraga. 

Canisteo. 

Canton. 

Cattaraugus. 

Berrv\dlle. 

Portland Point. 

Cazenovia. 

Newburgh. ^ 

Poiighkeepde. 

Canastota. 

Champlain. 

Chateaugay. 

Jamestown. 

Chatham. 

Castleton. 

Clinton. 

Clvmer. 

Colioes. 

Cold Spring. 

Clinton. 

Middle Falls. 

Whitehall. 

Southampton. 

Corinth. 

Coming. 

Cortland. 

Croton Falls. 

Dansville. 

Deansboro. 

Copenhagen. 

Delhi. 

Franklin. 

Lancaster. 

Dundee. 

Phoenix. 

Rhinebeck. 

Hudson Falls. 

Earlville. 

East Aurora. 

East Hampton 

Eaton. 
Morrisville. 
Gold Street. 
Edwards. 
Newpaltz. 
Elizabethtown. 
EUenville. 
Elmira. 
Do. 

Auburn. 

Geneva. 

Lyons. 

Newark. 

Waterloo. 

Seneca Falls. 

Oswego. 

Rochester. 

Falconer. 

Johnson City. 

Chestertown. 

Fishers Island. 

Bacon. 

Brooklvn. 

Tribes ton. 



63361^—21- 



-16 
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Table 100. — ElectriC'power compamea engaged %n pfiblic service in the States in which the superpower zone is eituaJUd — Con. 

N«w York— Continued. 



No. 



5912 
5913 
5914 
5916 
5917 
5918 



5919 
5920 
5921 

49275 
5922 
5923 
5924 
5925 
5926 
5927 
5929 
5930 

49320 
5932 
5933 
5934 
6041 
5935 
5936 
5937 
5938 
5939 
5940 
5942 
5943 
5944 
5945 



5946 
5947 
5950 



5951 
6164 
5954 
5955 



5957 
5960 
6159 
5961 
5962 
5963 
5964 
5965 
5968 
5970 
5971 
5972 
5973 
5974 
6205 
5975 
5976 
5977 
5979 
5981 
5983 
5984 
5985 



Operating company. 



Forestport Electric Lig(ht Plant 

Fort Covington Light, Heat & Power Co 

Fort Plain Gas <Sc Electric Light, Heat & Power Co. 
Franklin Springs <Sc Pnxzressive Electric Light Co. . 

Fulton Chain Electric Co : 

Pulton County Gas <fe Electric Co.: 

A 



B 



Fulton light Heat <fc Power Co 

Garden City Co 

Gamer Print Works & Bleachery .• 

General Electric Co .' 

Genesee Light A Power Co 

Genesee Vsdley Power Co 

Geneseo Gas Light Co 

Geneva, Seneca Falls & Auhum Railroad Co. (Inc.) 

G. N. Gibson <Sc Sons 

Glen Cove Light & Power Co 

Glens Falls Gas & Electric Light Co 

Goshen liight & Power Co 

Gould Paper Co 

Granville Electric & Gas Co 

Great Bear Light & Power Co 

Gr^^>ry Electric Co. (Inc.) 

Groton Electric Power Corporation 

Halfmoon Light, Heat & Power Co 

E. S. Hamblin & Co 

Hammondsport Electric Light Co 

Hanford Bros 

Hannawa Falls Water Power Co 

Harlem Valley Light, Heat & Power Co 

Hermon Electric Co 

Hilton Electric Tight, Power <& Heat Co 

Holmes Milling Co 

Honk Falls Power Co.: 

A 



B 



Berkshire Street Railway Co. 

Homell Electric Co 

Hudson Vsjley Railway Oo.: 
A 



B 

C. 



Hudson <& Manhattan Railroad Co. 

Alfred Huntington 

Hydro Electric Power Co 

Interborough Rapid Transit Co. : 



B 



International Railway Co 

New York State Gas & Electric Corporation 

Iroquois Utilities ( Inc. ) 

Ithaca Traction Co 

Jamestown Lighting & Power Co 

Jamestown Street Railway Co 

Jamestown, Westfield & North-Westem Railroad Co 

Jordan Electric Light & Power Co 

Katonah Lighting Co ; 

Kingston Consolidated Railroad Co 

Kingston Gas & Electric Co 

Edward R. Ladew Co. (Inc.) 

La Farceville Electric Light Co 

Lake Snore Electric Co 

La-Salle Electric Corporation 

Lawrence Park Heat, Light & Power Co 

Lebanon Valley Lighting Co. (Inc.) 

Le Roy Hydraulic Electric Gas Co 

Lewiston & Lake Ontario Shore Power Co 

Liberty Light & Power Co 

Livingston Manor Electric Co 

livingston-NiaMja Power Co 

Livonia Light & Heat Co 



station. 



Forestport. 
Fort Covington. 
Fort Plain. 
Franklin Springs. 
Fulton Chain. 

Gloversville. 
Samonsville. 
Fulton. 
Garden City. 
Wappingers Falls. 
Schenectady. 
Batavia. 
Mills Mills. 
Geneseo. 
Seneca Falls. 
West Stockholm. 
Glen Cove. 
Glens Falls. 
Monroe. 
Lyons Falls. 
Granville. 
East Worcester. 
Morristown. 
Groton. 

Mechanicsville. 
Oriskany Falls. 
Hammondsport. 
East Meredith. 
Hannawa Falls. 
Pawling. 
Hermon. 
Hilton. 
Downsville. 

Napanoch. 
High Falls. 
Walloomsac. 
Homell. 

Middle Falls. 

Stillwater. 

Mechanicsville. 

Terminal Building. 

Ripley. 

Theresa. 

East River. 

North River. 

Niagara Street, Buffalo. 

Oneonta. 

Randolph. 

Ithaca. 

Jamestown. 

Do. 

Do. 
Jordan. 
Bedford Hills. 
Kingston. 

Do. 
Glen Cove. 
La Fargeville. 
Henderson. 
Niagara Falls. 
Bronx ville. 
Canaan. 
Le Roy. 
Lewiston. 
Liberty. 

Livingston Manor. 
Avon. 
Whiting. 
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Table 100. — Electric-power companies engaged in public service in the Stales in which the superpower zone is situated — Con. 

New York— Continued. 



No. 



Operating company. 



5986 



5987 
5988 
5990 



5992 
5993 
5994 
5995 



5998 
6000 
6001 
6003 
6005 
6006 
6006-1 
6007 
6008 
6009 
6010 
6012 
6013 
6014 
6015 
6017 
6018 
6019 
6021 
6022 
6023 
6024 
6025 
6026 
6028 
6029 
6030 
6031 
6033 
6034 
6035 
6036 
6037 
6038 
6039 
6040 
6041 
6043 
6044 
6045 
6046 
6047 
6048 
6049 
6050 
6051 
6053 
6054 
6056 



Lockport light, Heat & Power Co. : 



^T 



B 



Long Acre Electric Light & Power Co. 

Long Beach Power Co 

Long Island Lighting Co. : 

A 



B. 
D. 
E. 
F. 
G. 
H. 
J. 



Lyons Falls Electric Light Plant 

M!acedon Electric Light Co 

Madrid Ulectric light Co 

Malone Light <& Power Co. : 

B 

C 

D 

E 

Marcellus Lighting Plant 

Marion Power Co 

Massena Electric Light it Power Co 

Mexico Electric Co 

Middleville Electric Light Co 

do 

Middleport Gas & Electric Light Co 

Millerton Electric Light Co 

Milling & Lightim? Co 

Mineville Li&:ht, Heat & Power Co 

Mohawk Hydro Electric Co , 

Montgctoery Electric light it Power Co. . . 

Mooers Electric Li^t Co. . .C 

Moravia Electric Light, Heat & Power Co. 

Morgan <& W3anan Light & Power Co 

Mount MorrijB Illuminating Co 

Municipal electric plant 

do 



do. 
.do. 
.do, 
.do. 
.do. 
.do. 
do. 
.do. 
.do. 
do. 
do. 
do. 
do. 
do. 
do, 
do. 
do. 
do. 



Groton Electric Power Corporation. 

Municipal electric plant 

do 



»^^r. 



do. 
do. 
do. 
do. 
do. 
do, 
do. 
do. 
do. 
.do. 



*\i 



station. 



Race Street. 

Ehn Street. 

103 Park Avenue, New York. 

Long Beach. 

Amityville. 

Babylon. 

Northport. 

Sayviile. 

Bay Shore. 

Huntington. 

Port Jenerson. 

Do. 
Lyons Falls. 
M!acedon. 
Madrid. 

High Falls. 

Do. 
Malone. 
Chasm Falls. 
Whittlesey. 
Marcellus. 
Sod us. 
Potsdam. 
Mexico. 
Frisbieville. 
Middleville. 
Middleport. 
Millerton. 
Brasher Falls. 
Mineville. 
Ephrata. 
Canajoharie. 
Mooers. 
Moravia. 
Dover Plains. 
Mount Morris. 
Akron. 
Arcade. 
Batavia. 
Bath. 
Bergen. 
Boonville. 
Brockton. 
Camden. 
Castile. 

Clifton Springs. 
Clinton. 
Delevan. 
Dunkirk. 
Fairport. 
Frankfort. 
Fredonia. 
Freeport. 
Greene. 
Green Island. 
Greenport. 
Groton. 
Hamilton. 
Herkimer. 
Holley. 
Ilion. 

Jamestown. 
Lake Placid. 
Little Valley. 
Marathon. 
Mayville. 
Mohawk. 
Newark Valley. 
Penn Yan. 
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Table 100. — iEledrio-power companies engaged in public service in the States in which the superpower zone is situated — Con. 

New Tork--Gontlimed. 



No. 



6057 
6058 
6059 
6060 
6061 
6062 
6063 
6064 
6065 
6066 
6067 
6069 
6070 
6071 
6072 
6073 
6074 
6075 
6076 
6078 
6079 
6081 
6083 
50074-1 
6084 
50074 
6085 
6086 
6087 



6090 



5060 



6093 



6097 
6098 
6099 
6101 
6103 
6105 
6106 



6108 



6109 
6110 
6111 
6112 



Operating compaDy. 



6113 
6114 
6116 



Municipal electric plant 

do 

do / 

do 

do 

do... 

do 

do * . . 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Municipal Gas Co 

Murray Electric Light <& Power Co 

Nnflsau Li^t & Power Co 

New Berlin Light <& Power Co 

New Fabric Cloth Co 

Newfane Electric Co 

Newfane Lumber & Manufacturing Co 

New Paltz Highland & Poughkeepsie Traction Co. 

Newport Electric Light & Power Co 

New York Central Railroad: 

A 

B 

New York Edison Co.: 

A 

B 

C 

D 

New York State Gas & Electric Corporation: 

A 

B 

C 

New York State Railways, Rochester Lines: 

A 

B 

New York & Long Island Traction Co 

New York & Nortn Shore Traction Co 

New York & Ontario Power Co 

New York & Queens Electric light & Power Co. . 

Niagara Electric Service Corporation 

Niagara Falls Gas & Electric Light Co 

Niagara Falls Power Co. : 

A 

B 

Niagara, Lockport & Ontario Power Co.: 

A 

B 

C 

D 

Niagara & Erie Power Co 

North Creek Electric Co 

Northern Adirondack Power Co 

Northem New York Utilities: 



B. 
C. 
D. 
E. 
F. 
G. 
H 



station. 



Northern Wayne Electric Light & Power Co. 

Northem Westchester Lifting Co 

North Syracuse Light A Power Co 



Philadelphia. 

Port Byron. 

Potsdam. 

Rockville Center. 

Rouses Point. 

Salamanca. 

Savannah. 

Sherburne. 

Silver Springs. 

Skaneateles. 

Solvay. 

Springville. 

llieresa. 

Tully. 

Tupper Lake. 

Union. 

Watkins. 

Wellsville. 

Westfield. 

Albany. 

Monticello. 

Glen wood. 

New Berlin. 

Oswego. 

Newfane. 

Do. 
Loyd. 
Newport. 

Glenwood. 
Port Moiricu 

Duane Street. 
Waterside No. 1. 
Waterside No. 2. 
Kingsbridge* 

Ithaca. 

Norwich. 

Oneonta. 

Floatbiidge. 
Canandaigua. 
Rockville Center. 
Douglaston. 
Waddington. 
Astoria. 
NiafiAra Falls. 
Do. 

Do. 
Hydraulic. 

Salmon River. 

Auburn. 

Lyons. 

Mlnetto. 

Buffalo. 

North Creek. 

Ausable Chasm. 

Black River. 
Effley Falls. 
Elmer Falls. 
South Edwards. 
Taylorville. 
Watertown. 
Belfort. 
Browns Falls. 
Wolcott. 
Ossining. 
North Syracuse. 
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Table 100. — Electrio'power companies engaged in public service in the States in which the superpower zone is situated— Can. 

New Tofk— Omtiniwd. 



No. 



6118 
6118-1 
6119 
6121 
6123 



6175 
6126 



6127 
6128 
6129 
6130 



6131 
6132 
50206-1 
6133 
6134 
6135 
6136 
6137 
6138 



6139 
6141 
6142 
6143 
6144 



6145 
6146 
6147 



6148 
6149 
6152 
6153 
6154 
6158 
6159 
6160 
6161 
6162 
6163 
6164 
6165 
6166 



Operating company. 



6167 

6167-1 

6168 



6169 
6171 



Norwood Electric Light & Power Co. 

Nuerd Paper Co. (Inc.). 

Nunda Electric Lig^t Co 

Offdensburg Power & Li^t Co 

Olean Electric Light & Power Co.: 
A 



B 

0»Neil&Co 

Oranse County Public Service Corporation: 



B 
C. 



Orange County Traction Co 

Orange & Rocldand Electric Co.. 

B. L. Orcutt & Sons (Inc.) 

Oswegatchie Light & Power Co. : 
A 



B. 



Oswegatchie River Power Co 

Oswego River Power TransmiBsion Co 

Oval Wood Diflh Co 

Ovid Electric Co 

Owego Lifi^t & Power Co 

Panama rower Co 

Pariahville Electric Lieht Plant 

Patchogue Electric li^t Co 

Paul Smith's Electric Lig^t & Power & Railroad Co.: 
A 



B. 
C. 
D. 



Peeksville Lighting & Railroad Co 

Pennsvlvania Tunnel & Terminal Railroad Co. 

Penn Yan<& Lake Shore Railway l 

Peoples Gas & Electric Co 

P^ry Electric Lig^t Co. : 

A 

B 

W.J.Phillips 

Phoenix Gas & Electric Co. (Inc.) 

Plattsburg Gas & Electric Co.: 

A 

B 

Plattsburg Traction Co 

Port Henry Light, Heat & Power Co 

Port Jervis Traction Co 

Port Leyden Electric Light & Power Co 

Potsdam Electric Light & Power Co 

Queensborou^ Gas & Electric Co 

Iroquois Utilities (Inc.) 

Red Hook Light & Power Co 

Rensselaer Fails Electric Light & Power Co 

Richmond Light & Railroad Co 

Riddell Electric Light & Power Co 

Alfred Huntington 

Riverhead Electric Light Co 

Rochester Gas & Electric Corporation: 

B.... 



C. 

D 

E. 

F. 

G. 

H. 

I. 

J. 



Rochester & Manitou Railroad Co 

Rochester & Syracuse Railroad Co. (Inc.) 
Rnckland light & Power Co.: 

A 

B 

Rome Gas, Electric Light & Power Co. . . 
Sag Harbor Electric L^ht & Power Co — 



Station. 



Yaleville. 
Hadley. 
Nunda. 
Ogdensburg. 

Franklinville. 

Olean. 

St. Regis Falls. 

Cuddebackville. 
Middletown. 
Port Jervis. 
Newburgh. 
Monroe. 
Dickinson Center. 

Fowler. 

Hailesboro. 

South Edwards. 

Syracuse. 

Tupper Lake. 

Taughannock Fails. 

Owego. 

Panama. 

Pairishville. 

Patchogue. 

Franklin Falls. 
Eeesee Mills. 
Siu'anac Lake. 
Union Falls. 
Peeksville. 
Long Island City. 
Park Landing. 
Oswego. 

Perry. 

Do. 
Manlius. 
Syracuse. 

Indian Rapids. 
Plattsburg. 

Do. 
Port Henry. 
Port Jervis. 
Port Leyden. 
Potsdam. 
Far Kockaway. 
Randolph. 
Bingham Mills. 
Rensselaer Falls. 
Livingston. 
Luzerne. 
Ripley. 
Riverhead. 

No. 2a. 
No. 26. 
No. 4. 
New No. 5. 
No. 6. 
No. 34. 
No. 35. 
No. 3. 
littleville. 
Rochester. 
Syracuse. 

Hillbum. 
Orangeburg. 
Rome. 
Sag Harbor. 
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Table 100. — EUctric-poiver companies engaged in piiblic service in the States in which the superpower zone is sittuUed—Cca. 

New Torii— Continued. 



No. 



6173 
6174 
6175 
6178 
6180 
6181 
6183 
6184 
6185 
6188 
6189 
50506 
6190 
6193 
6194 
6195 

6195-1 
6196 
6197 
6199 

6199-1 



6200 



6202 
6204 
6205 
6207 
6209 
6211 
6212 
6215 

50712 
6217 
6218 
6219 
6220 
6221 
6222 
6223 
6224 

50762 



6225 
6227 
6228 
6229 
6230 



Operating company. 



Station. 



6231 



6232 



6234 
6235 



6236 

6237 

48985 

6239 



St. Lawrence River Power Co 

St. Lawrence Transmission Co 

Sulham Manufacturing Co 

Salem Light, Heat A Power Co 

Adirondack Power & Light Corporation 

Schenectady Railway Co 

Schodack Light & Power Corporation ^ 

Schuyler County I^ight & Power Co 

ScottBville Electrical Light & Gas Co 

Seeley Electric Co 

Seneca River Power Co 

Setter Bros. Co 

Sherman Electric Liffht Co 

Shushan Electric Light Plant 

Silver Creek Electric Co 

Sinclairville Electric Light Plant 

Snell Power Co 

Sodus Gas & Electric liffht Co 

Solsville Electric Light & Power Co 

Southern Dutchess Gas & Electric Co 

Southern New York Power Co. : 

A 

B 

Southern New York Power & Railway Corporation: 

A............................................ 

B 

Standard Light, Heat & Power Co 

Charles H. Stokes Electric Plant 

La Sidle Electric Corporation 

Suffolk light, Heat & Power Co 

Syracuse Lighting Co 

Syracuse & Suburban Railroad Co 

Tneresa Electric Lijg^ht Co 

Ticonderoga Electric Light & Power Co 

Ticonderoga Pulp & Paper Co 

Treadwell Electric Light Plant 

Tri-County light & Power Co 

Troy Gas Co 

Troy & New England Railway Co 

Tuxedo Electric liffht Co 

Twin State Gas <fe Electric Co 

Tyler light & Power Co 

Ulster Electric Light, Heat & Power Co 

Union Bag & Paper Co. : 

A 

C 

F 

Union Electric Co 

Union Springs Li^t & Power Co 

United Electric Ldght & Power Co 

United Gas, Electnc Light A Fuel Co 

United Traction Co. : 

A 

B 

C 

Upper Hudson Electric & Railroad Co. : 

B 

C : 

D 

Utica Gas & Electric Co.: 

A 

D 

F 

G 

Vestal Lightinc^ Co 

Wadhams & Westport Electric Light & Power Co.: 

A 

B 

Wallkill Transit Co 

Wallkill Valley Electric Light & Power Co 

Warren Curtis Manufacturing Co. (Inc.) 

Warrensbuigh Electric Light Works 



MaBsena. 

Potsdam. 

St. Regis Falls. 

Salem. 

Johnsonville, etc. 

Schenectady. 

Castleton. 

WatkLns 

Avon. 

Spencer. 

Baldwinsville. 

Cattaraugus. 

Sherman. 

Shushan. 

Silver Creek. 

Sinclairville. 

Higley Falls. 

Soaus. 

Solsville. 

Beacon. 

Walton. 
Stilesville. 

Colliers. 

Hartwick. 

Sidney. 

Kerhonkson. 

Niagara Falls. 

Southampton. 

Syracuse. 

Edward Falls. 

Theresa. 

Ticonderoga. 

Do. 
Treadwell. 
Gilboa. 
Troy. 
Albany. 
Tuxedo Park. 
Hoosick FaJls. 
Vernon. 
Saugerties. 

Bakers Falls. 
Fenimore. 
Moreau. 
Whitney Point. 
Union Spring. 
New York City. 
Hudson Falls. 

Albany. 
Troy Falls. 
West Sand Lake. 

Coxsackie. 
Catskill. 
Cairo. 
Hunter. 

Dolgeville. 
Trenton Falls. 
Utica. 
Little Falls. 
Vestal. 

Wadhams. 

Do. 
Mechanicstown. 
Walden. 
Corinth. 
Warrensburgh. 
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Table 100. — EledrU>power companiea engaged in public service in the States in which the superpower zone is situated — Con. 

New Tork-~Coiitii»ied. 



No. 



6240 
6242 

6242-1 
6243 
6244 

6242-1 
6245 
6246 



6248 
6250 
6251 



6252 

6252-1 

6254 

50946 



6256 

6257 

6258 

6258-1 

48834 

48895 

49143 

49275 

49320 

50074 

50074-1 

50206 

50256-1 

50506 

50712 

50762 

50946 



Oporotini; cnmi>any. 



Warsaw Gas <k Electric Co 

Waterville Gas & Electric Co 

Wayland-Steuben Power Co 

Waverly, Sayre A Athens Traction Co 

Wayland Light & Power Co. (Inc.) . . . ; 

Wayland-Steuben Power Co 

Wayne Power Co 

West Branch Light A Power Co. : 

A 

B 

Westchester Lighting Co : 

Western New York Electric Co 

Western New York Utilities Co. : 

A 

B 

C. 

Western New York & Pennsylvania Traction Co 

Western Vermont Power & Light Co 

West Winfield Electric Co 

Witherbee-Sherman Co. : 

A 

B 

Worcester Electric Light Plant 

Wyantskill Hydro-Electric Co 

Yates Electric Light & Power Co 

Yonkers Electric Light & Power Co 

A. C. Cheney Piano Action Co 

Warren Curtis Manufacturing Co. (Inc.) 

Endicott, Johnson A Co 

General Electric Co 

Gould Paper Co 

Newfane Lumber A Manufacturing Co 

New Fabric Cloth Co 

Oval Wood Dish Co 

John Dunlop's Sons 

Setter Bros. Co : 

Ticonderoga Pulp A Paper Co 

See Union Bag A Paper Co 

See Witherbee-Sherman Co 



station. 



Warsaw. 

Waterville. 

Wayland. 

Waverly. 

Wayland. 

Do. 
Sodus. 

Stamford. 
Kortnght. 
New Kochelle. 
Jamestown. 

Medina. 
Waterport. 
Medina. 
Ceres. 

Carvers Falls. 
West Winfield. 

Port Henry. 

Mineville. 

Worcester. 

Wyantskill. 

Seneca MiUs. 

New York City. 

Castleton. 

Corinth. 

Johnson City. 

Schenectady. 

Lyons Falls. 

Newfane. 

Osw^;o. 

Tupper Lake. 

Phoenix. 

Cattaraugus. 

Ticonderoga. 

Bak<ers Falls, etc. 

Port Henry, etc. 



PenDSjIvania. 



7500 
7502 
7503 
7504 
7505 
7506 
7507 

• 7508 
7509 
7510 

7510-1 

7510-2 
7511 
7513 
7514 
7515 
7516 
7517 

7517-1 
7518 



7519 
7520 
7522 
7523 
7524 
7526 
7527 



Abinston Electric Co 

Allegheny Valley Light Co 

Allegheny Valley Street Railway Co 

Allen Street Rsdlway Co 

AUentown A Reading Traction Co 

Altoona A Log^n Valley Electric Railway Co. 

Ambler Electric light, Heat A Motor Co 

AnnvUle A Palmyra Electric Light Co 

Anthracite Power Co 

Ardmore A Llanerch Street Railway Co 

Arendtsville Roller Mills 

Bangor Electric Co 

Bamesboro Span^ler Electric Light Co 

Bear Lake Electric Li^t Plant 

Beaver County Light Co 

Beaver Springs Electric Light Co 

Beaver Valley Traction Co 

Bedford Electric Light, Heat A Power Co 

Bala A Merion Electric Co 

Benton HydroelectricCo.: 

Berkshire Electric Co 

Berwich A Nescopeck Street Railway Co 

Bethlehem A Nazareth Passenger Railway Co 

Big Spring Electric Co 

BirdsDoro Electric Co 

Blossburg Electric Lig[ht A Power Co 

Blue Mountain Electric Co 



Laplume. 

Creighton. 

Pittsburgh. 

Bethlehem. 

Reading. 

Altoona. 

Ambler. 

Annville. 

Hazleton. 

Upper Darby. 

Aruidtsville. 

Bangor. 

Bamesboro. 

Bear Lake. 

Pittsburgh. 

Beaver Springs. 

New Brighton. 

Bedford. 

Philadelphia. 

Benton. 

Hydroelectric. 

Sinking Spring. 

BerwicK. 

Bethlehem. 

Newville. 

Birdsboro. 

Blossburg. 

Bethel. 
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Table 100. — Electricfpower companies engaged in public service in lJ\fi States in which the superpower zone is situated — Con. 

PemuylTmBia— Continued. 



No. 



7528 
7529 
7530 
7531 
7533 
7534 
7764 
7535 
7538 
7539 
7540 



7540-1 
7541 
7542 
7543 
7544 
7545 

7545-1 

7545-2 
7546 
7548 
7549 

7549-1 
7550 
7551 
7552 
7553 
7555 
7556 
7557 



7558 
7559 
7560 
7561 
7562 
7565 
7752 
57543-1 
7562-2 
7566 
7568 



7569 
7570 
7572 
7573 
7574 



7575 
7576 
7576-1 
7577 
7578 
7579 
7581 
7582 
7583 



7584 
7585 
7586 



Operating company. 



Blue Bidge Traction Co 

Boiling Springs Electric Light Co 

Bolivar Light, Heat <fe Power Co , 

Boyertown Electric Co 

Bradford Electric Co 

BrownBtown Electric Lijzht, Heat <& Power Co. 

Bucks County Electric Co 

Buffalo & Lake Erie Inaction Co 

Canton Illuminating Co 

Mauch Chunk & Leni^hton Transit Co 

Carlisle Gas & Water Co.: 

A 



B 



Carpenter Electric Co 

Center Electric Co 

Centre & Clearfield Railway Co 

Chambersburg, Greencastle & Waynesboro Street Railway Co. 

Chambersburg <& Gettysburg Electric Railway Co 

Chambersbuig & Shippensburg Railway Co 

CSieltenham Electric Lieht, Heat & Power Co 

Chanceford Electric Lig^t & Power Co 

Chester County I^ight & Power Co 

Chester Valley Electric Co 

Chester k Philadelphia Railway 

Cheswick Power Co 

Christiana & Coatesville Street Railway 

Citizens Electric Co 

Citizens Electric Co 

Citizens Electric Light & Power Co 

Citizens Light, Heat & Power Co 

Citizens Light & Power Co 

Citizens Traction Co. : 



B 



Clairton Street Railway Co 

Clarion Electric Co 

Cleveland & Erie Railway Co 

Clymer Power Co 

Cdalport Light, Heat & Power Co 

Conestoga Traction Co 

J. W. Conner <& Sons 

Consolidation C<xBd Co 

Coopersburg Electric Light, Heat & Power Co. 

Corry City filectric Light Co 

Counties Gas <& Electnc Co. : 

B 



C. 



Creeson Electric Light Co 

Cumberland Railway 

Danville & Sunbury Transit Co 

Deal Electric Light & Power Plant. 
Delaware County Electric Co. : 
A 



B 



Delaware County <& Philadelphia Electric Railway Co. 

Delaware Water Gap Light Plant 

Delta Electric Li^it Co 

Delta Electric Power Co 

Delta Water Power Co 

Dillsburg Light, Heat & Power Co 

DuBois Electric A Traction Co. . ^ 

Dunbar Electric Co 

Duquesne Light Co.: 

A 



station. 



B 
C. 
D 
E. 



Duauesne & Dravosburg Street Railway Co. 

Eagieemere Light Co 

East End Passenger Railway Co 



Danielsville. 

Boiling Springs. 

Bolivar. 

Boyertown. 

Bradford. 

Brownstown. 

Doylestown. 

Ene. 

Canton. 

Mauch Chunk. 

Hydroelectric. 

Steam. 

Meadville. 

Howard. 

Phillipeburg. 

Waynesboro. 

Chambersburg. 

Do. 
Philadelphia. 
Delta. 

Kennett Square. 
Coatesville. 
Philadelphia. 
Colfax. 
Lancaster. 
Williamsport. 
Lewisbun;. 
HughesvUle. 
Meyersdale. 
Oil City. 

Do. 
Franklin. 
Pittsburgji. 
Garion. 
Girard. 
Raubsville. 
Coalport. 
Lancaster. 
Orangeville. 
Jenner. 
Coopersburg. 
Corry. 

Norristown. 

Wayne. 

Cresson. 

Carlide. 

Danville. 

Cooks Mills. 

Beacon. 

Chester. 

Clifton Heights. 

Delaware Water Gap. 

Delta. 

Do. 

Do. 
Dillsburg. 
Du Bois. 
Dunbar. 

Brunots Island, 

Rankin. 

Twentieth Street. 

Thirteenth Street. 

Glenwood. 

Phipps. 

Mill vale. 

Duauesne. 

Ea£:lesmere. 

Williamsport. 
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Table 100. — Eledtnc-power compcane9 engaged in public service in (he States in whicn the superpower zone ts situated— Con, 

P«]ui0jrlT«iibi— Coatinued. 



No. 



7687 



7588 
7589 
7590 
7591 
7592 
7593 
7595 
7882 
7596 
7597 
7598 



7599 



7600 
7601 
7602 
7603 
7605 
7607 
7608 

7608-1 
7609 
7610 
7612 
7615 
7616 
7617 

7617-1 
7618 

7618-1 
7619 



7620 
7622 
7623 
7624 
7624-1 
7625 
7627 
7628 
7629 
7630 
7631 
7632 
7633 
7634 
7636 
7637 
7639 



7640 



7640-1 
7641 
7642 
7643 
7644 
2800 



7647 

7647-1 

7648 



Operating company. 



Eastern Peniifiylvania Lig^t, Heat & Power Co. : 

A 

B 

C 

Eaetem Pennsylvania Railwaiy Co 

Easton Transit Co 

East Pennsylvania Gas A Electric Co 

Eb^isbui^g Lifi^t, HeatA Power Co 

Eckels Light, Meat & Power Co 

Edison Electric Co 

Edison light & Power Co 

William Ellsworth Electric Co 

Ephrata & Lebanon Street Railway Co 

Ephrata A Lebanon Traction Co 

Erie County Electric Co.: 

A 

B 

Erie Lighting Co.: 

A 

B 

Everett light, Heat & Power Co 

Excelsior filectric Light, Power & Gas Co 

Fairchance & Smithneld Traction Co 

Fairmount Park Transportation Co 

Frankford , Tacony & Holmesbuig Street Railway Co.. 

Gallitzin Electric Light Co 

Grarret Electric Light, Heat & Power Co 

Harry E. Geiser 

Gettysburg Electric Co 

Gettysbuig Railway Co 

Glen Rock Electric Light & Power Co 

Greencastle Light, Heat, Fuel A Power Co 

Halfpenny A Grove 

Haniburg Cras <& Electric Co 

Hanover Lifht, Heat<& Power Co 

Hanover A McSherrytown Street Railway Co 

Harmony Electric Cio , 

Harrisbuig light & Power Co. : 

A 

B 

Harrisbuig Railwavs Co 

Hastings Electrical Co 

Hershey Transit Co 

Highland Grove Traction Co 

EUnkletown-ConestQga Valley Electric Co 

Home Electric Co 

Home Electric Light & Steam Heating Co 

Homestead & Mifflin Street Railway Co 

Honesdale Consolidated Li^t, Heat A Power Co 

Houtzdale Electric Li^ht, Meat A Power Co 

Hummelstown Water & Power Co 

Huntingdon, Lewistown A Juniata Valley Traction Co 

Hyndman Electric Light, Heat A Power Co 

Indiana County Street Railway Co 

Intercourse Electric light. Heat A Power Co 

Irwin-Herminie Traction Co 

Jefferson Electric Co.: 

A 

B 

Jersev Shore Traction Co.: 

Jersey Shore Electric Co 

Jersey Shore Electric Street Railway Co 

Jersey Shore A Antes Fort Railroad Co 

Johnsonbuig Light A Power Co 

Johnstown Traction Co 

Keystone Electric Service Corporation: 

A 

B 

Kittanning A Leechbiug Railways Co 

Lackawanna Light Co 

Lackawaima A Wyoming Valley Power Co 



station. 



Ashland. 

Frackville. 

Palo Alto. 

Pottsville. 

Allentown. 

Bristol. 

Ebensbiug. 

Coimeautville. 

Engleside. 

York. 

Wyalusing. 

Lebanon. 

Pittsburgh. 

Erie No. 1. 
Erie No. 2. 

Front Street. 

Peach Street. 

Everett. 

Philadelphia. 

Uniontown. 

Belmont 

Philadelphia. 

Cresson. 

Garrett. 

Montgomery Mills. 

Gettvsburg. 

bo. 
Glen Rock. 
Greencastle. 
Mifflinburg. 
Hambiug. 
Hanover. 

Do. 
Harmony. 

Cedar Street 

Ninth Street. 

Harrisburg. 

Hastings. 

Hershey. 

McKeesport. 

ELinkletown. 

Coudersport 

Tyrone. 

Homestead. 

Honesdale. 

Houtzdale. 

Harrisburg. 

Huntingdon. 

Hyndman. 

Indiana. 

Intercourse. 

Irwin. 

Punxsutawney. 
Reynoldsville. 

Florence. 

Rathmel Junction. 
Jersey Shore. 

Do. 

Do. 
Johnsonbuig. 
Johnstown. 

Ridgway. 
Kane. 
Pittsbiugh. 
Scran ton. 
Do. 
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Table 100. — EkctnG-power companies engaged in public service in the States in which the superpower zone is ntuated— Con. 

P«niiqrlnuii»— Ccntinued. 



No. 



7649 
7650 



7662 
7663 
7658 
7659 
7661 
7662 
7663 
7664 
7665 
7667 
7668 
7669 



7670 
7672 
7539 
7674 
7675 
7676 
7677 
7678 



7679 
7680 
7681 
7682 
7683 
7684 
7685 
7686 
7688 

7688-1 
7689 
7690 
7691 

7691-1 

7691-2 
7692 
7693 
7694 
7695 
7696 
7697 
7698 
7699 
7700 
7701 
7702 
7703 
7704 
7705 
7707 
7708 

7708-1 
7709 
7710 
7711 
7712 
7713 
7714 
7716 
7717 
7718 
7719 



Operating company. 



Lancaster County Railway A Light Co 

Lancaster Electric Light » Heat & Power Co. : 

A 

B 

Lancaster <& York Furnace Street Railway Co 

Lan^home Electric light & Power Co 

Lehighton Electric light & Power Co 

Lehigh Traction Co 

Lehigh Valley Transit Co 

Lewisbuig, Milton & Watersontown P&ssenger Railway Co. 

Lewistown & Reedsville Electric Railway Co 

lilly Electric Light, Heat<& Power Plant 

Lock Haven Electric Light A Power Co 

Luzerne County Gas A Electric Co 

Lycoming Edison Co 

Lykens Valley Light A Power Co.: 

A 

B 

Macungie Electric Light, Heat A Power Co 

Mansfield Electric Co 

Mauch Chunk A Lehighton Transit Co 

Mauch Chunk Heat. Power A Electric Light Co 

Media, Glen Ridle <x Rockdale Electric Street Railway Co. 

Mercer County Light, Heat A Power Co 

Mercer8bui:g, Lehmasters A Markes Electric Co 

Metropolitan Edison Co. : 

A 

B 

C 

Meyersdale Electric Light, Heat A Power Co 

Middlebun; Light, Heat A Power Co 

Midland Electric Li^ht A Power Co 

Juniata Public Service Co 

Montgomery Transit Co 

Montgomery A Muncy Electric light. Heat A Power Co. . . 

Montoursviile Electric Light Co 

MontouTsville Pkissenger Kailway Co 

Mount Holly Licht, Heat A Power Co 

Mount Jewett Electric Light Co 

Mount Penn Gravity Railroad Co 

Municipal electric plant 

do 



.do.. 

do.. 

.do.. 

do.. 

.do.. 

.do. 

do.. 

do.. 

do.. 

.do.. 

.do.. 

do., 

.do.. 

.do. 

.do.. 

.do.. 

.do;. 

.do.. 

.do., 

do.. 

do., 

do.. 

do.. 

do.. 

do.. 

do.. 

do., 

do , 

.do.. 



Station. 



Lancaster. 

Rock Hill. 

Slackwater. 

Philadelphia. 

Lan^home. 

Lehighton. 

Hazelton. 

AUentown. 

Milton. 

Lewistown. 

Lilly. 

Lock Haven. 

Plymouth. 

Williamsport 

Wiconisco, 
Williamstown. 
Macungie. 
Mansfield. 
Mauch Chunk. 

Do. 
Media. 
Greenville. 
Markes. 

Lebanon. 

Klapperthal. 

West Reading. 

Meyersdale. 

Clearfield. 

Pittsbui^h. 

Millersbui^. 

Norristown. 

Montgomerv. 

Montoursviile. 

Do. 
Mount Holly Springs. 
Mount Jewett. 
Reading. 
Allegheny. 
AspinwaU. 
Bally. 

Bechtelsville. 
Berlin. 
Catawissa. 
Chambersbuig. 
Conemaugh. 
Confluence. 
Coraopolis. 
Danville. 
Dimcannon. 
Easton. 
EUwood City. 
Emporium. 
Ephrata. 
Etna. 
Ford aty. 
Goldsboro. 
Grove City. 
Hatfield. 
Kutztown. 
Lansdale. 
Meadville. 
Media. 
Middletown. 
^fifflinburg. 
New Freedom. 
New Wilmington. 
Norristown. 
Olyphant. 
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Table 100. — EUctric-power companies engaged in public service in the States in which the superpower zone is situated — Can. 

PeniisylTaiiltt--Continued. 



No. 



7720 
7721 
7722 
7723 
7724 

7724-1 
7725 
7726 
7727 
7728 
7729 
7730 

7730-1 
7731 

7731-1 
7732 
7733 
7734 
7735 
7736 
7737 
7738 
7740 
7741 
7743 
7748 
7749 
7750 
7751 
7752 
7753 
7754 
7755 
7756 
7757 



7758 
7760 
7761 



7763 
7764 

7764-1 
7765 

7765-1 



7766 
7767 



7768 
7769 
7771 
7773 



Operating company. 



Station. 



Municipal electric plant. 
do 



do. 
do. 
do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
do. 
do. 



Neversink Mountain Railway Co 

Newcastle Electric Co 

Newcastle & Lowell Railway Co 

New Holland, Blue Ball & Terre Hill Street Railway Co 

New Hope Electric-Co 

New Kingstown Electric Light. Heat & Power Co 

Newmanstown Electric Lient a Power Co 

Nicholson Lieht, Heat & rower Co 

Norristown Transit Co 

Northampton Traction Co 

Northwestern Electric Service Co 

Northwestern Pennsylvania Railway Co 

Oakdale & McDonald Street Railway Co 

Oley Valley Railway Co 

J. W. Conner & Sons 

Oxford Electric Co 

Panther Valley Electric Co 

Patterson Heights Street Railway Co 

Paupack Electric Co 

Penn Central Light & Power Co. : 

C 



D 



Penn Central Power & Transmission Co. 

Penn Hydro-Electric Co 

Penn Public Service Corporation: 

A 



B. 
C. 
E. 
F. 
G. 
H 
J. 



Pennsylvania Light & Power Co 

Bucks County Electric Co 

Pennsylvania-New Jersey Railway Co. 

Pennsylvania Power Co [ 

Pennsylvania Power & Light Co. : 
A 



B. 
C. 
D. 
E. 
F. 
G. 
H 



Pennsylvania Railroad . . . 

Pennsylvania Utilities Co. 

B 



D. 
F. 



Pennsylvania Water & Power Co 

Pennsylvania & Maryland Street Railway Co 

Peoples Street Railway Co. of Nanticoke & Newport 
Philadelphia Electric Co. : 

A 

B 



Peckville, 

Pennsburg. 

Perkasie. 

Pitcaim. 

Quakertown. 

Royal ton. 

St. Clair. 

Schuylkill Haven. 

Sharpsburg. 

Souderton. 

Tarentum. 

Titusville. 

Wampiun. 

Weatnerly. 

Womelsdorf. 

Reading. 

Newcastle. 

Youngstown. 

Lancaster. 

New Hope. 

New Kingstown. 

Lebanon. 

Nicholson. 

Philadelphia. 

Easton. 

Erie. 

Meadville. 

Pittsburgh. 

Reading. 

Orange ville. 

Oxford. 

I^Ansford. 

Beaver Falls. 

Hawley. 

Eighteenth Street, Altoona. 
Twentieth Street, Altoona. 
Williamsburg. 
Warrior Ridge. 

Blairsyille. 
Clearfield. 
PMlipsburg B. 
Indiana. 
Philipsburg A. 
Broaa Street. 
Vine Street. ^ 
Somerset. 
Rock wood. 
Pittsburgh. 
Doylestown. 
Yardley. 
EUwood City. 

Harwood Mines. 

Hauto. 

Irondale. 

Milton. 

Mount Carmel. 

Selinsgrove. 

Shamokin. 

Sunbury. 

Philadelphia. 

Dock Street. 
South Side No. 1. 
East Stroudsburg. 
Holtwood. 
Boynton. 
Wanamie. 

Schuylkill No. 1. 
Carpenter. 
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Table 100. — Electric-power companies engaged in public service in the States in which the superpower zone is sitiuUed — Con. 

Pemnylvaiifa Continued . 



No. 



7773 



7774 
7775 
7776 



7777 



7778 
7779 
7780 



77.81 
7782 
7783 
7785 
7786 
7788 
7789 
7790 
7791 
7792 
7793 
7793-1 
7794 
7795 



7796 
7797 
7798 
7800 
7801 
7802 
7803 
7804 
7805 
7805-1 
7806 
7807 
7808 
7809 
7811 



7812 
7813 
7814 
7815 
7816 
7817 
7818 
7819 



Operating company. 



7820 
7820-1 
7821 
7822 
7823 



Philadelphia Electric Co. — CoDtinued. 

C 

D 

G 

H 

K 

Philadelphia Hydro-Electric Co 

Philadelphia Railways Co 

Philadelphia Rapid 'Transit Co.: 

A 



B. 

C. 
D 
E 



Philadelphia Suburban Gaa & Electric Co. : 

C 

D 

Philadelphia & Easton Electric Railway Co 

Philadelphia & Garrettford Street Railway Co 

Philadelphia & West Chester Traction Co.: 

A 

B 

Philadelphia & Western Railway Co 

Phoenixville, Valley Forge & Strafford Electric Railway Co 

Phoenix Water Power Co 

Pine Grove Electric Light, Heat & Power Co 

Pittsburgh, Harmony, Butler & Newcastle Railway Co 

Pittsburgh Railways Co 

Pittsburgh & Allegheny Valley Traction Co 

Pittsburgh & Beaver Street Railway Co 

Pittsburffh, Mars A Butler Railway 

Plymouth & Larksville Railway Co 

Pottstown & Phoenixville Railway Co 

Prospect Rock Li^t & Power Co 

Railroad Electric Light A Power Co 

Raystown Water Power Co. : 

b'.*.1!1!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!! 

Reading Transit & Light Co 

Redbank Electric Co 

Renovo Edison Light, Heat & Power Co 

See Keystone Electric Service Corporation 

Ringtown Electric Light,' Heat A Power Co 

Roaring Spring Light, Heat A Power Co 

Rockwooa Electric Co 

St. Marys Electric Light Co 

Sayre Electric Co 

Schuylkill Electric Co 

Schuylkill Gas A Electric Co 

Schuylkill Li^ht, Heat A Power Co 

Schuylkill Railwav Co 

Schuylkill Valley Traction Co 

Scranton Electric Co. : 

A 

B 

C 

Scranton Railway Co 

Scranton A Binghamton Railroad Co 

Shamokin A Edgewood Electric Railway Co 

Shamokin A Mount Carmel Transit Co . •. 

Sharon A New Castle Street Railway Co 

Shenango Valley Electric Light Co 

Shermans Valley Lisht, Heat A Power Co 

mburg Gas A Electric Co. : 



Shippei 



B 
C. 



Slate Belt Electric Street Railway Co 

Solar Electric Co 

South Bethlehem A Saucon Street Railway Co. 

Southern Cambria Railway Co 

Southern Pennsylvania Traction Co 



station. 



Edison. 

Callowhill. 

Tacony. 

Delaware. 

Schuylkill. 

Manayunk. 

Philadelphia. 

Beach Street. 
Market Street. 
Wyoming Avenue. 
Upper Darby. 
Mount Vernon Street. 

West Chester. 
Cromby. 
Doylestown. 
Upper Darby. 

Ridley Creek. 
Llanerch. 
Upper Darby. 
Phoenixville. 

Do. 
Pine Grove. 
Harmony. 
Pittsburgh. 

Do. 

Do. 
Renfrew. 
Wilkes-Barre. 
Philadelphia. 
Georgetown. 
Railroad. 

Main. 

Auxiliary. 

Reading. 

New Bethlehem. 

Renovo. 

Ridgway, etc. 

Ringtown. 

■Roaring Spring. 

Rockwood. 

St. Marys. 

Sayre. 

Girardville. 

AUentown. 

Girardville. 

Do. 
College ville. 

Pittston. 

Suburban. 

Linden Street. 

Scranton. 

Dalton. 

Shamokin. 

Mount Carmel. 

Youngstown. 

Sharon. 

Landisburg. 

Roxbury. 

Shippensburg. 

Lurgan. 

Penn Areyl. 

Brookville. 

South Bethlehem. 

Brookdale. 

Chester. 
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Table lOO.-^ElectriC'power companies engaged in public service in the States in which the superpower zone is situated — Con. 

PennsTlTaiila— Continued . 



No. 



7825 
7827 
7828 
7829 
7830 
7832 
7833 



7833-1 
7834 

7834-1 
7835 
7836 
7837 
7838 
7839 
7840 
7841 
7842 
7843 
7845 
7846 
7848 

• 7849 
7851 
7852 
7853 
7854 
7855 
7856 
7857 
7858 

7858-1 
7859 

7860 
7861 
7862 
7863 
7866 



7867 
7868 
7870 
7871 
7872 
7873 



7874 
7876 
7877 
7878 
7879 
7880 
7881 
7882 
7882-1 
7883 
7884 
7885 



Operating company. 



South Side Passenger Railway Co 

State Center Electric Co 

Strasburg Electric Light, Heat & Power Co. 

Stroudsbuig Electric Light A Power Co 

Stroudsburg Traction Co. 



Sunbury & Susquehanna Railway 

Susquehanna County Light A Power Co. : 
A 



B 



Susquehanna Traction Co 

Tarentum, Brackenridge & Butler Street Railway Co 

Tatamy Light. Heat A Power Co 

Titusville Lignt & Power Co 

Titusville Traction Co 

Titusville A Cambridge Railroad Co 

Towanda Electric Illuminating Co 

Trenton, Bristol & Philadelphia Street Railway Co 

Treverton Electric Light A Power Co 

Tri-County Electric Co 

Troy Electric Light, Heat & Power Co 

Tunkhannock Electric Co 

Union City Electric Light Co 

United Electric Co 

United Electric Light Co 

United Light^ Heat A Power Co 

United Lightmg Co 

Vallamont Traction Co 

Vandergriit Electric light A Power Co 

Warren Light A Power Co 

Warren Street Railway Co 

Warren A Jamestown Street Railway Co 

Waterford Electric Light Co 

Waynesburg A Blackville Street Railway Co 

Waynesboro Electric Co 

Webster, Moneesen, Belle Vernon A Fayette City Street Railway 
Co. 

Weimer Electric Light A Power Co : . , 

Wellsboro Electric Co , 

West Chester, Kennett A Wilmington Electric Railway Co 

Westmoreland County Railway Co 

West Penn Power Co. : 

A 



B, 
C. 
E. 
F. 
G. 
H. 
J. 



West Penn Railways Co 

West Side Electric Street Railway Co 

Whitehall Street Railway Co 

White Haven Electric Illuminating Plant 

White Oak Liriiit, Heat A Power Co 

Wilkes-Barre Co. : 

A 

B 

Wilkes-Barre Railway Co 

Wilkes-Barre A Hazleton Railway Co 



Wilkes-Barre A Wyoming Valley Traction Co. 

WilliamBport Passenger Railway Co 

Windber Electric Co 

Woodlawn A Southern Street Railway 

Wrightsville Light A Power Co 

WilBam Ellsworth Electric Co 

Yeagertown Water Power Co 

Yorkhaven Water A Power Co 

York Railways Co 

ZeUenople Light A Power Co 



Station. 



Williamsport. 

MUesburg. 

Strasburg. 

Allentown. 

Stroudsburg. 

Rolling Green. 

Oakland. 

Lanesboro. 

Lock Haven 

Tarentum. 

Tatamy. 

Titusville. 

Do. 

Do. 
Towanda. 
Croydon. 
Treverton. 
Lincoln. 
Troy. 

Tunkhannock 
Union City. 
Lemoyne. 
Wilmerding. 
Stoyestown. 
Albion. 
Williamsport. 
Vandergnft. 
Warren. 
Stoneham. 
Warren. 
Waterford. 
Waynesburg. 
Waynesboro. 
Charleroi. 

Mount Gretna. 
Wellsboro. 
Kennett Square. 
Pittsburgh. 

Ohiopyle. 

Connellsville. 

Ligonier. 

Washinston. 

Waynesburg. 

Kittanning. 

Butler. 

Springdale. 

Pittsburgh. 

Charleroi. 

Allentown. 

White Haven. 

Hollsopple. 

North River Street 

Bennett Street 

Wilkes-Barre. 

St. Johns. 

Wilkes-Barre. 

Williamsport. 

Windber. 

Pittsburgh. 

WrightsviQe. 

WyaJusing. 

Yeagertown. 

Yorkhaven. 

York. 

Zelienople. 
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Table 100. — Electric-power companies engaged in public service in the States in which the superpower zone is situated — Con. 

Rhode Ulmad. 



No. 



7900 
7901 



7902 
7900 



7904 
7906 
7906 
7909 
7910 
7911 
7911-1 
7913 
7916 
7914 
7916 



Operating company. 



See Eastern Maasachuaetts Street Railway Co 
Blackstone Valley Gas & Electric Co. : 

B 

C 

D 

Bristol County Gas & Electric Co 

Eastern Massachusetts Street Railway Co.: 

Municipal electric plant 

Narragansett Electric Lighting Co 

Narragansett Pier Electric Light & Power Co 
Providence, Warren & Bristol Railroad Co... 

Rhode Island Co 

Rhode Island Power Transmission Co 

F. A. Sayles 

Tiverton Electric light Co 

Westerlv Light A Power Co 

West Gloucester Light & Power Co 

Wickford Light & Water Co 



Stotion. 



Portsmouth, etc. 

Pbwtucket. 
Woonsocket. 
Jencks Lane. 
Bristol. 

Portsmouth. 

Newport. 

Pascoag. 

Providence. 

Wakefield. 

Warren. 

Providence. 

Worcester. 

Samoeet. 

Tiverton. 

Westerly. 

Putnam 

Wickford. 



Vermont. 



8700 
8701-1 



8703 
8703-1 
8706 
8706 
8708 



8708-1 
8709 
8712 
8713 
8716 



8716 
8718 
8719 
8720 
8721 



8723 
8724 
8726 
8727 
8728 
8731 
8733 
8734 



William F. Allen Li^ht Co. 
Bellows Falls Electric Co. : 
A 



B. 



W. E. Benson 

Berkshire Street Railway Co 

Bradford Electric Lighting Co 

Brid^ewater Electric Co 

Burlington Light <& Power Co.: 

A 

B 

Burlington Traction Co 

Chester Water & light Co 

See Vermont Hydro-Electric Corporation 

Connecticut River Power Co 

Eastern Vermont Public Utilities Corporation: 

A 



B. 
C. 
D. 
E. 
F. 



Electric light A Power Co.. 
Fall Mountain Electric Co. . 

Frontier Electric Co 

Glover Electric Light Plant. 
Hortonia Power Co. : 

A 



B. 

C. 

D. 

F. 

G. 

H. 

J. 

L. 

M 



Island Pond Electric Co 

Jones & Lamson Power Co — 

B.J. Kendall Co 

Lunenbuig Manufacturing Co. 

lArman Falls Power Co 

mddlebury Electric Co 

Missisquoi Lighting Co 

MiEBisquoi Pulp Co 



Canaan. 

Rockingham. 

Water. 

Weston. 

New Haven. 

Bradford. 

Bridgewater. 

Colchester. 
Essex Junction. 
Vergennes. 
Chester. 
Cavendish, etc. 
Vernon. 

Bamet. 
Groton. 
Do. 
Ryegate. 
Wells River. 
Joes Pond. 
South Londonderry. 
Forest. 
North Troy. 
Glover. 

Bethel. 

Bristol. 

Gavsville. 

Bethel. 

Hortonville. 

Brandon. 

Salisbury. 

Silver Lake. 

Middlebury. 

Waybridge. 

West Charleston. 

Perkinsville. 

Enosbuig Falls. 

Lunenburg. 

Bloomfield. 

Middlebury. 

Highgate. 

Sheldon. 



f 
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Table 100. — Electne-power companies engaged in public service in the Stales in wMeh the superpower zone is situated-— Ccai, 

Ycrmonl— GoatlnnMl. 



No. 



8736 



8736 
8737 
8738 
8740 
8741 
8742 
8743 
8744 
8745 
8746 
8747 
8748 
8749 
8750 
8751 
8752 



8752-1 
8753 
8754 
8755 
8756 



8758 
8762 
8763 
8764 
8765 
8765-1 
8766 
8767 
8768 
8769 
9771 



8712 

8774 



8774-1 

8776 
8777 
8778 



8780 



8781 



Operating company. 



Montpelier & Barre Light A l^ower Co. 



T 

B 
C 
D 
E 
F 
6 



Mo\int ManBfield Electric Railroad Go. 

Municipal electric plant 

do 

do 

do 

do... 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Nelson <fc Hall Co.: 

A 

B 

New England Power Co 

Newport Electric Light Co 

Pittsford Power Co 

Powers Electric Co 

Public Electric Light Co.: 

A 

B 

Reading Light & Power Co 

Rochester Electric Light & Power Co. 

Royalton Power Co 

Rutland Railway light A Power Co... 

St. Albans d S wanton Traction Co 

Sheldon Light & Power Co 

W.J. Smith 

Springfield Electric Railway Co 

Stamford Light, Heat & Power Co 

Sweat-Comings Co 

Twin State Gas & Electric Co.: 

A 



B. 
C. 
D, 

E. 
F. 
G. 



Vermont Hydro-Electric Corporation: 

A , 

B 

Vermont Marble Co. : 

A 



B. 
C. 
D. 
E. 
F. 



Vermont <& Quebec Power Corporation. 

Vermont Soapstone Co 

Wilmington Electric Light Co 

Windsor Electric Light Co.: 

A 

B 

Woodbury Granite Co. : 

A 

B 

Woodstock Electric Co 



StatioD. 



Berlin. 

Middlesex. 

Moretown. 

Montpelier. 

Moretown. 

North Duxbury. 

Montpelier. 

Stowe. 

West Charleston. 

Burlington. 

Enosburg Falls. 

Wolcott. 

Hyde Park. 

Johnson. 

Ludlow. 

Lyndonville. 

Cadys Falls. 

Northfield. 

Orleans. 

Readsboro. 

High^te. 

West Burke. ' 

Samsonville. 

Montgomery Center. 

Readsboro. 

Newport. 

Pittsford. 

Richmond. 

St. Albans. 

Fairfax Falls. 

Felchville. 

Rochester. 

Royalton. 

Rutland. 

jSt. Albans. 

Sheldon Springs. 

Sheffield. 

Springfield. 

North Adams, Mass. 

Richford. 

Bennington. 
St. Johnsbury No. 1. 
St. Johnsbiury No. 2. 
St. Johnsbury No. 3. 
St. Johnsbury No. 4. 
West Dummerston. 
St, Johnsbury No. 5. 

Cavendish. 
Mendon. 

Beldens. 
Center Rutland. 
Florence. 
Huntington FaUs. 
Proctor. 
West Rutland. 
Stevens Mill. 
PerkinsviUe. 
Wilmington. 

Windsor No. 1. 
Windsor No. 2. 

Mackville. 

Do. 
TaftBville. 



254 A SUPERPOWER SYSTEM FOR THE REGION BETWEBIST BOSTON AND WASHINGTON. 



Table 100. — Electric-power companies engaged in public service in the States in which the superpower zone is situated--CojL 

VIrgliila. 



No. 



8800 
8801 
8802 
8803 



Operating company. 



8804 
8806 
8807 
8808 
8809 
8810 
8812 
8813 
8814 
8815 
8816 
8817 
8818 



8819 
8820 
8822 
8825 
8826 
8827 
8828 



8829 
8830 
8831 



8832 
8833 
8834 
8835 
8837 
8838 
8838-1 
8839 
8840 
8842 
8843 
8844 
8845 
8846 
8847 
8848 
8849 
8850 
8851 
8852 
8853 
8854 
8857 
8858 
8812 
8860 
8861 
8862 
8863 
8865 
8866 
8867 
8868 



Abingdon Utilities Co 

Alexandria County Lighting Co 

AltaVista Light & Power Corporation 
Appalachian Power Co. : 

A 



B 

C. 

D. 



Arlington Electric Co 

Bloxom Electric Light Co 

Shenandoah Traction Co 

Braddock Li^ht & Power Co 

Charlottesville & Albemarle 

Chatham Li^ht & Power Co 

Nottoway LiKht <& Power Co 

Culpeper Li^t & Ice Co 

Damascus Light & Power Co 

Danville Traction & Power Co 

Delmarvia Light, Heat & Refining Corporation 

Electric Light & Power Co 

Electric Transmission Company of Virginia: 

A 

B 

Emporia Hydro-Electric Power Corporation 

Exmore Light A Power Co 

Grundy Lidit & Power Co 

J. H. A C. T. Hopkins 

Halifax Hydro-Eiectric Co 1 

Independence Electric & Milling Co 

Leesburg Electric Co.: 

A 

B./ 

Light & Power Co. of Rockymount 

London Light & Power Co 

Lynchburg Traction & Light Co. : 

A 



station. 



B 



J. D. Manor A Co 

Monterey Garage & Light Co 

Municipal electric plant 

do 



....do. 
....do. 
. . . .do. 
^...do. 
....do, 
- - . .do. 
-...do. 
.-..do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 



do 

Giles Power Co 

New York, Philadelphia A Norfolk Railroad 

Newport News & Hampton Railway, Gas A Electric Co 

Norfolk Southern Railroad Co 

North River Electric Co 

Nottoway Light A Power Co 

Old Dominion Power Co 

Onancock Light A Power Co 

Orange Li^t Co 

Peninsula Light A Power Co 

Peoples Light, Heat A Power Corporation 

Petersburg, Hopewell A City Point Railway Co 

Prince Gwrge Electric Light A Power Co 

Radford Water Power Co 



Abingdon* 

Alexandria* 

AltaVista. 

No. 2, Byllesby. 

No. 4, Byllesby. 

Glen Lvn. 

Clinchneld. 

Alexandria* 

Bloxom. 

Staunton. 

Roslyn. 

Charlottesville. 

Chatham. 

Crewe. 

Culpeper. 

Damascus. 

Danville. 

Chinooteague Island. 

Remington. 

Big Stone Gap. 

Pocket. 

Emporia. 

Exmore. 

Grundy. 

Parksley. 

Houston. 

Independence. 

Steam. 
Goose Creek. 
Rockymount. 
Purcellville. 

Reusen. 

Blackwater. 

New Market 

Monterey. 

Basic. 

Bedford. 

Chase City. 

Danville. 

Dayton. 

Farmville. 

Franklin. 

Riverton. 

Gordonsville. 

Harrisonburg. 

Lawrencevilie. 

Manassas. 

Martinsville. 

Richmond. 

Salem. 

Shenandoah. 

Staunton. 

Narrows. 

Cape Charles. 

Hampton. 

BajrviUe. 

Bndgewater. 

Crewe. 

Dorchester. 

Onancock. 

Orange. 

Taaley. 

West Point. 

Petersburg. 

Hopewell. 

Radford. 
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Table 100. — Electric-potver companies engaged in public service in the States in which the superpower zone is situated — Con. 

Virgiiila->Continued . 



No. 



8869 



8871 
8871-1 
8872 
8876 
8877 



8880 
8881 
8807 
8882 
8883 
8884 
8885 
8886 
8887 
8889 
8890 
8890-1 
8891 
8892 



8898 

8899 

S899-1 



8899-2 
8899^ 



Operating company. 



Rappahannock Electric Light & Power Co.: 
A 



B 



Municipal electric plant 

Richmond-Ashlana Railway Co 

Richmond & Chesapeake Bay Railway Co 

Riverside Lieht & Power Co 

Roanoke Rauway & Electric Co. : 

A...: 



station. 



B 



Rural Retreat Power Co 

Shenandoah River Light & Power Corporation. 

ShenandoiQi Traction Co 

Smithfield Lid^t & Power Co 

South Boston Power Co 

South Hill Manufacturing Co 

Spottsylvania Power Co 

Stanley Milling Co 

Staunton Lighting Co 

Tazewell Electric Light & Power Co 

Tazewell Street Railway Co 

Victoria Ice, Light & Power Co 

Valley Light & rower Co 

Virginia Alberene Corporation: 

A 

B 

C 

Warrenton Electric Light & Power Co 

Washington A Old Dominion Railroad Co 

Weyers Cave Light & Power Co. : 

A 

B 

Woodstock Electric Light & Power Co 

Waverly Light & Power Co 



Steam, Fredericksbiu^. 
Hydroelectric, Fredericksburg. 
Richland. 
Richmond. 

Do. 
Waynesboro. 

Niagara, 

Roanoke. 

Rural Retreat. 

Luray. 

Staunton. 

Smithfield. 

South Boston. 

South Hill. 

Fredericksburg. 

Stanley. 

Staunton. 

Tazewell. 

Do. 
Victoria. 
Woodstock. 



No. 1, Schuyler. 
No. 2, Schuyler. 
No. 3, Schuyler. 
Warrenton. 
Rosslyn. 

Rockland. 
Grottoes. 
Woodstock. 
Waverly. 



eSSai*'— 21 ^17 



INDEX. 



A. 



Pafe. 



27 



8 



Adksowledgments for ftid and inforxnation io,», 25,28-31, 68 

Advisory board, appointment and work. W 

Alflzander,Magxiu8W.,8ervioe on the advisory board 

AHentown, Pa. See load centers in tMet, 

Altemating^nirrent system, advantages and disadvantages 

Anthracite ooal. Sm Coal, anthracite. 

Anthracite ooal fields, steam^electrio plants in, character and 

quantity of ooal available 18^1» 

steam^ectrlc plants in, cost of energy 1*^ 

sitessQitable ^^ 

Anthracite ooal mines, power-supply equipment and f lel used .... 120- 

121, 142 

Anthracite division, diversity fhnn Metropolitan and Southern 

divisions ^ 

AppropriaticQ, Government, amount and conditl0n8 9.31 

Archbold, W. K., expert service ** 

Area to be supplied, limits 13»56 

Armstrong, A. H., expert service. 28 

Assigned locomotives, definition ^^ 

Automobile manufactories, poweMupply equipment and fuel 

used 112-113,142 

B. 

Bakeries, power-supply equipment and fuel used 9(MH, 142 

Baltimore, Md., hydroelectric plant needed near 13 

8u alto load ceniere in tablee. 

Barstow, W. S., expert service 28 

Base-load plant defined ^^ 

Base loads, new plants to carry - ^"^ 

Bituminous ooal fields, steantelectrio plantBaot now feasible 191 

sites fbr future steam-electric plants IW 

Black River, hydroelectric development 198-190 

Bla8tfurnaoe8,isolated, saving of waste gases 144 

power-supply equipment and fuel used 98-^, 142 

Boston, Mass.,steamrelectric power plant needed near 13 

Su alto load centert in tablet. 

Bradford, H.B., expert service 28 

Breckenildge, Lester P., member of committee appointed by 

Engineering CkMindl • 

service as chairman of advisory board 10,27,28 

Bridgeport, Conn., steam-eleotric plant needed near 13 

See alto load eenteriin toMes. 
Brockton, Mass. See load centers in tallies. 
Buckland, Edward O., service on the advisory board 27 

suggested superpower survey • 

Bureau of Mines, representation 10 

Butler, Henry W., service as a division engineer 27 

Goodwin, H.,ir., and others, industry in the superpower aone . 86- 

147 

C. 

Capacity, effective, defined 1^ 

Capacity factor defined ^ 

CapiUl, amounts required in 1919, 1926, and 1930 12, 17, 21-22, 166, 168 

estimated earnings 12 

interestcost 20,226 

See also Investment. 
Car manufacturing not by railroads, power-supply equipment and • 

fuel used 114-115,142 

Carpet and rug industries, power-eupply equipment and fuel 

used 94-06,142 

Catenary system, cost of installation 68-60 

Cement industries, power-supply equipment and fuel used . . 108-100, 142 

saving of ooal 144 

Census Bureau, tabulated data obtained from 86 



Page. 

Charges, fixed, definition 15 

fixed, percentages 228 

Chemical Industries not otherwise spedfled, power-supply equip- 
ment and fuel used '• 10^109,142 

Clay industries, power-supply equipment and fuel used 110-111, 142 

Clothing industries, iwwer-supply equipment and fuel used — 96-97, 142 

Coal, availability 13 

consumption per kilowatt hour 17,23,46,48 

contributors of information 30 

equivalent, meaning and estimates ®3 

ownership of mines and facilities tor delivery 25,222 

pulverized, provision for use 224 

quantities and cost; for producing electric i>ow6r 46,48 

requirements fbr 1919, 1925, and 1990 168-166 

saving expected 12,62-63,163 

saving in cement industry 1^ 

storage 25,222 

anthracite, cost and quantity required for steam-electric 

plants 25,220-221 

distribution and use. 219 

quantity available for steam-electric plants 180-190 

bituminous, cost 25,220,221-222 

cost, how determined ^ 

distribution and use :.- 219 

districts and delivery routes 219-220 

map showing 220 

power plants using, i>erlfar]nance and operating cost 46,47 

See also Fuel. 

Coal by-products, contributors of information 30 

Coal mines, anthracite, fuel used 144 

ownership 222 

Coke ovens, power-supply equipment and fuel used 106-107, 142 

Communication, facilities 214 

Conclusions summarized 12-13 

Connecticut, electrio-power companies engaged in public service. 228-229 

power-supply equipment of industries 126-120 

Connecticut River, hydroelectric development 24, 199-200 

Construction, overhead charges 226 

sequence 12-13 

Contributions of money, acceptance authorized 9 

amount • • 10 

Cost, operating, defined 16 

production, defined 15 

rei^oduction, defined 15 

transmission system, defined 16 

Cost of power, use of term '. 12 

Cost of power delivered, definition 16 

Cost of ^ower produced by steam-electric plants in the anthradte- 

coal region 190 

Cost of power produced by the superpower system compared with 

cost if produced by independent electric utilities . 22, 168-181 

Cost of the superi>ower system 20-22,148-181 

Cotton goods, small wares, and lace industries, power-supply 

equipment and fuel used 92-99,142 

D. 

Definitions of terms used 15-16 

Delaware, power-eupply equipment of industries 138-139 

Delaware River, hydroelectric development 13> 24, 196-107 

Delivery routes for ooal in 1930, map showing 220 

Demand for power, Franklin K, Lane on 9 

in 1919, 1925, and 1930 148-151 

Depreciation and obsolescence 226 

Direct-current system, advantages and disadvantages 18 

District of Columbia, electrio-power companies engaged in pub- 
lic service 229 

water-supply equipment of industries 138-138 

257 
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INDEX. 



Page. 

Diyeraity, rangoand effect 154-155 

three kinds defined 154 

Diveraity economy, defined 15 

Importance 21 

Diversity factor, defined 15 

Divisions, geographic 32 

Dyeing and finishing industries, power-supply equipment and 

fuelused 96-97,142 

E. 

Economy, expectation firom coordinating electric utilities 12, 17 

expectation from electrifying railroads 12, 19 

62-63, 66^7, 75-78, 80, 81-«3 

expectation in industries 12,19-20,144,145-147 

means for attaining 14-15 

Economy, diveraity, defined 15 

Edgar, Charles L., service on the advisory board 27 

Electric power, alternating-current and direct-current systems 

compared 54 

cost to railroads 63-64 

Electrio-power companies engaged in public service, names and 

addresses 227-255 

Electric power plants, ftiture, proper locations l(i 

Electric utility load, distribution 16 

distribution, pla te showing 35 

growth 16 

plate showing 34 

Electric utilities, capacity of plants 16 

capita 1 required 12 

exLsting, status in 1919 32-49 

steam plants to be retained in the superpower system, 

character, and location 22-23 

summa ry 16-17 

Electrical machinery industries, power-supply equipment and 

fuelused 118-119,142 

Blectriilcation of heavy-traction railroads, advantages 51-52 

Energy. See Power. 

Engineering staff, personnel 27 

selection 10 

Equipment, motive-power, standardization {or railroads 18 

Expense, general, defined 15 

genera], items included 26, 226 

relation to grossrevenue 26, 226 

Explosives manufactories, power-supply equipment and fuel 

used 106-107,142 

F. 

Fabrics and materials not otherwise specified, manuJbctories o/, 

power-supply equipment and fuel used 96-97, 142 

Factor, capacity, defined 15 

diversity, defined 15 

load, defined 15 

Factories. See Industries. 

Finance, contributors of information 30-31 

Fixed charges, definition 15 

percentages. . . ^ 226 

Flood, Henry, Jr., service as engineer-secretary 27 

and others. Steam-electric plants for the superpower system 182-191 
Wellwood, A. R., and others. Performance and cost of the 

superpower system 148-1^1 

Floor-mill and grist-mill industries, power-supply equipment 

and fuel used 90-91,142 

Foods not otherwise specified, manufactories of, power-supply 

equipment and fuelused 92-93,142 

Foran, George, expert service 28 

Foreword by George Otis Smith 9-10 

Frequency, cost of equipment for 60«yclc and 25K7cle l-»3 

standard, considerations affecting choioe 16, 21, 152-153 

Frequency-changer stations, cost 215-216 

Fue],process, employment 25-26, 223 

process, provision for use , 1 85 

sources a nd cost 223, 225 

See also Coal. 
Funds. See Appropriation , Money . 

Furniture and lumber products not otherwise specified, manufac- 
tories of, power-supply equipment and fuel used . 100-101, 142 



G. 

Page. 

Gas, use in int«'nal combustion engines 224 

Ga»-works, power-supply equipment and fuel used 106-107, 142 

Generating capacity required under independent and under 

superpower operation 17, 46 

Glass industries, power supply equipment and fuel used. . 110-111, 142 
Goodwin, Harold, jr., service as an assistant division engineer. . 27 
Butler, H. W., and others. Industry in the superpower zone 85-147 
Government institutions, power-supply equipment and fuel 

used 122-128 

Grades, electric energy required 61 

Grover, N. C, service as hydraulic engineer and in administration 10^ 27 

H. 

Hanker, F . C . , expert service 28 

Hardin, Abraham T., service on the advisory board 27 

Hanisburg, Pa . See load centers i n tables . 
Hartford, Conn . See load centers in tables . 
HarJeton, Pa. See load centers in tables. 

Hood, O. P., service as member of engineering staff 10^ 27 

and others. Use of process fuels and pulverized coal for base- 
load steam-electric plants 223-225 

Hoover, Herbert, service on the advisory board 27 

Horton, A. H., Stations and transmission lines of electrio-power 

companies engaged in public service 227, 256 

Hudson River, hydroelectric development 24, 197-198 

HudsonRiver region, power plants needed 13 

Hunt, F. L., expert service 28 

Hutchinson,Dr. Gary T., service as adivlsion engineer Tit 

MoPherson, N. C, and others, Proposed electrification of 

heavy-traction railroads in the superpower zone 50-88 

Hydroelectric plants, advisability 192, 193 

investment cost 24, 202 

types 192 

existing, capacity and output 201*202 

operatingcost 203 

percentage of total power-plant capacity 153 

performance 43-45 

Hydroelectric power, economy from Joint use with steam-electric 

power 21-22 

Increased us© proposed 21 

resources 13 

map showing 192 



Ice manufacturing, power-supply equipment and fuel used. llK-119, 142 

Imlay, Lorin £., service as a division engineer 27 

The superpower transmission system 204-217 

and others, Reliability of service 218 

Rutherford, T.B., and others, Electric utilities in index>end- 

ent operation in the superpower zone in 1919 32-40 

Whitsit, L. A., Peterson, B. J., and others, Hydroelectric 

plants for the superpower system 192-203 

Industries, by-product power 20 

capital required for superpower equipment 12 

conservation of coal possible 19, 20, 85, 143, 144 

contributors of information 29-90 

economy possible, in cost of power 12, 19, 20, 143-144, 147 

in heating and process work 143,144 

kinds considered 85 

locations, plate showing 86 

miscellaneous, power-supply equipment and fuel used. . 120-121, 142 

power, cost 145-147 

quantities developed, purchased, and used 19, 20 

power plants, isolated, map showing 88 

power-supply equipment used, past and predicted future 145 

power-supply equipment and fuel used, by character of power 

supply : 88-S9 

by industry subgroups 90-123, 142 

by size of plant 88-89 

summary and analy.sis 1 43-144 

statistics affected by changes 86 

summary of survey H>-20 

tables, purpose and scope 87 

terms used 85-88 

waterworks not included 144 

Insull, Samuel, early contention that power for railroads should 

be obtained from electric utility plants 18 
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Page. 

Insuraxice, estimate 220 

Interest, rate necessary to attract capital 20,226 

Investment, fixed charges ! 226 

Ste aUo Capital. . 
Iran and steel industries not otherwise specified, power-supply 

eqolpment and fuel used 100-101,142 

Iron smelters, saving of waste gases 144 

J. 

Jackson, D. C, mranber of committee appointed by Ei^ineolng 

Council 9 

Kelly, Col. William, service on the advisory board 27 

Knitting industries, power-supply equipment and fuel used. . 92-03, 142 

L. 

Lane, Franklin K., conference with 9, 11 

on the d emand for power 9 

recommended appropriation for survey 9 

Laundries, power-supply equipment and fuel used 120-121, 142 

Law, contributors of Information j^ 30-31 

Leather-goods Industries, power-supply equipment and fuel used. 102- 

103,142 
Leather production, power-supply equipment and fuel used . 102-103, 142 

Lee, Ellsha, service on the advisory board 27 

Leeper, John B., exp^t service 28 

Leighton, M. O., member of committee appointed by Engineering 

Coundl 9 

Lesher, C. £., Tryon, F. G., and others. The relation of coal and 

coal-delivery routes to the superpower system 219-222 

Lincoln, P. M., expert service 28 

Liquor and beverage industries, powv-supply equipment and 

fuel used 104-105,142 

Little, Arthur D., service on the advisory board 27 

Load, decentralization possible 20 

electric utilities, distribution and growth 16 

distribution and growth^ plates showing 34,35 

growth , annual rate 16 

past and estimated future 154 

Load centers, location 32 

Load factor, defined 16 

trend, past and estimated future 21, 156 

Locomotives, assigned, definition 15 

electnc, advantages., 19,51-52,60 

dasses 52-^ 

cost..-. 70 

cost of maintenance 65-66 

energy used 60 

locomotive hours. 72-74 

mileage 71 

number required for sendee as in 1919 70 

not by railroads, power-supply equipment and fud used. . 98-99, 142 

steam, cost of maintenance 64-65 

disadvantages 51-52,60 

locomotive liours 71-72 

mileage 71 

released value 75 

weight on drivers 53 

Lowell, Mass., steam-electric power plant needed near 13 

See also load centers in tables. 
Lumber industries, power-supply equipmen t and fuel used . . 100-101, 142 

M. 

McOraw, James H., service on the advisory board 27 

MacLaren, lialc(dm, service as an assistant division engineer 27 

McPherson, Norman C, service as an assistant division engineer. . 27 

Hutchinson, Cary T., and others. Proposed electrification of 

heavy-traction railroads in the superpower zone 50-83 

Maine, electric-power companies engaged in public service 229-231 

water-power resources 201 

Manuliactures. See Iildustries. 

Market for superpower energy in 1930 12 

Maryland, electric-power companies engaged in public service. . 231-232 

power-supply equipment of industries 140-141 

Massachusetts, electric-power companies engaged in pubhii service . 232- 

235 

power-supply equipment of industries 124-127 



Page. 
Metal-product mannfartories, miscellaneous, i>ower-6nppIy equip- 
ment and fuel used 116-117, 142 

other than iron and steel, i>ower-supply equipment and fuel 

used ; 112-113,142 

Metal smelters other than iron and steel, power-supply equipment 

and fuel used 110-111,142 

Mines, except anthracite, and quarries, poww-^upply equipment 

and fuel used 122-123.142 

Mining regions. See Anthracite coal fields and Bituminous coal 
fields. 

Money for sui)erpower survey, amount appropriated 31 

amount contributed 10, 31 

See also Capital. 
Murray, W. S., appearance before House Committee on Appropria- 
tions 9 

appointed chief of engineering staff 10 

report on Organization 27-31 

selected engineering staff 10 

suggested superpower survey 9 

Summary report 11-26 

N. 

Nesblt, William, expert service 28 

Newark, N.J. See load centers in tables. 

New Bedford, Mass. See load cento's in tables. 

New Brunswick, N.J. See load centers in tables. 

Newburyport, Mass., steam-electric power plant needed nnar 13 

See alto load centers in tables. 

New Eni^and Power Co., equipment 11 

New Hampshire, electric-i>ower companies engaged in public 

service 235-236 

power-supply equipment of industries. 124-125 

New Haven, Conn., steam-electric plant needed near 13 

See also load centers in tables. 
New Jersey, electric-power companies engaged in public service. 236-238 

power-supply equipment of industries 132-135 

Newlin, E. M., service as an assistant division engineer 27 

New York, electrio-power companies engaged in public service. . 238-245 

power-supply equipment of industries 128-133 

New YorkCity, concentration of load 16 

diversity among four utility comi>anies 154 

See also load centers in tables. 
New York Central Railroad, early provisions for electromotive 

power 18 

New York, New Haven & Hartford Railroad, early provisions for 

electromotive power is 

New York, Ontario & Western RaUway omitted firom survey 75 

Niagara Rivei", additional development 201 

price of power '.'. 24 

use of power in 1932 22, 164 , 170 

Northampton, Mass. See load centers in tables. 

Norwich, Conn., steam-electric plant needed near 13 

See also load centers in tables. 

O. 

O bsolescenoe and depreciation 226 

Oil, use for power to remain small 86 

Operating cost defined 15 

Order of construction, conditions determining 12 

schedule advised 13 

Organization of the survey 27-81 

P. 

Paper and wood-pulp mills, power-supply equipment and fuel 

used 102-103,142 

Papermanufacture8,power-supplyequlpmentand fuelused. 104-105, 142 

Pardee, John H., service on the advisory board 27 

Parsons, William Barclay, expert service 28 

Paterson, N.J. See load centers in tables. 

Pattison, Hugh, expert service 28 

Payne, John Barton, api>ointed advisory board 10 

Peak demand, volume in 1919, 1925, and 1930 14»-149, 157-161 

Peak-load plant defined 15 

Peak loads, excess of capacity 17 

existing plants to carry 17, 21 

hydroelectric plants to carry 24 

small requirements of energy 16-17 

times and hours 16 
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Pennsylvania, «lectrlo-power oomiMUiies engaged in public aerr- 

loe 24&-251 

power-flupply equipment of industries 135-139 

Perltannance of the superpower system 20-22,148-181 

Perkins, Henry C, service on the advisory board 27 

Peterson, B. J., service as an assistant division engineer 27 

Imlay, L. £., Whitsit, L. A., and others, Hydroelectric plants 

for the superpower system 192-208 

Petn>leumreflneries,power-supply equipment and fuel used. .106-107, 142 
Philadelphia, Pa. See load cetUera in tablet. 

Philadelphia Electric Co., Delaware station 12 

Pittsfleld, Mass., power plant needed near 13 

See aleo load eenUre in tdblee. 

Pittston , Pa., steam-electric plant needed near 13 

Plant, base-load, defined 15 

peak-load, defined 15 

Plants, electric, average capacity 16 

existing hydroelectric, capacity and cost 14, 156-161, 201-203 

reproduction cost 17,49 

existing industrial, map showing 86 

existing steam-electric, capacity and cost 14, 21 , 156-101 , 182-184 

reproduction cost 17,48 

retention in the superpower system 22-23, 182-184 

inefficient, elimination 157,109 

proposed hydroelectric, location, capacity, and cost 24, 

156-161, 192-203 

proposed steten-electric, location , capacity, and cost 14, 

21,23.155-161,184-191 
Port Jervls, N . Y. See load eentere in tablee. 
Potomac River, condensing-water supply for a steam-electric 

plant 191 

hydroelectric development 13,24,191,194-105 

Pottery. See Clay industries. 
Pottsville, Pa. See load eenUrt in tablee. 

Poughkeepsie, N. Y., power plant needed near 13 

See alto load center e in foMs*. 

Power, advances tn the art of production 23 

capacity of present and new steam-electric and hydro^lec- 

tricplants 21,158-161 

cost per kilowatt hour 17 

demandfor, Franklin K. Laneon 9 

hydroelectric, production cost 48-49 

kUowatt hours required by isolated industries in 1919 144-145 

kilowatt hours required in 1919, 1925, and 1930 148-151 

purchase by industries 19-20 

relative cost of producing by large and small units 17 

steam-electric, production cost 48-49 

Power delivered, cost of , defined 15 

Power plants. See Plants, hydroelectric, and Plants, steam- 
electric. 
Power stations used in pubUo service, map of northeastern United 

States showing In pocket. 

Power-eupply equipment by counties 124-141 

Pragst, Ernest W., exi>ert service 28 

Printing and publishing, power-supply equipment and fuel 

used 104-105,142 

Production, contributors of information 28-29 

present and future facilities 156-161 

Production cost, defined 15 

under independent and under superpower operation 17 

Providence, R. I. See load eeniers in tablee. 

Purchase of power, economy 1S^20 

R. 

Radio communication 214 

Railroad, electric, repair shops, power-supply equipment and 

fuel used 116-117,142 

steam, repair shops, power-supply equipment and fbel used . . 114- 

115,142 

Railroads, class 1, coal used by steam locomotives 58 

class 1, defined 16 

electric operation on selected divisions 80,81,82 

growth from 1900-1919 83 

inquiries concerning 54-66 

list 54 

map showing 76 

principal data 58 



Page. 

Railroads, steam locomotives in service 57 

class 1, steam-operated tracks 56 

steam operation on selected divisions 79,81,82 

steam traffic movement 57 

track mileage of selected divisions 79 

electric street, percentage of power demand used 38 

heavy traction, advantages of electrification 51-52 

advantages of unified operation 50-51 

allowance for contingencies in electrification 75 

capital expenditure required to electrify 12, 17 

coal saved by electric operation 12,62-63,80 

contributors of information 30 

cost of direct-current feeders 70 

cost of electric catenary system 68-69 

cost of electric locomotives and number required 70 

cost of electric substations 69 

cost of electrification, total 12,17,67,74 

cost of maintaining electric distribution system 66 

cost of maintaining electric substations 66 

early experience in electrification 17-18 

economy, expectation fhmi electrifying 12,19,66-67,82 

obtained on electrified divisions 75-78,80,81 

efficiency of electric operation 63 

energy required for electric operation 60-61. 

electrification proposed 17-19,50-83 

extensicms and betterments, annual cost 10 

inquiries concerning electric operation 55-60 

mileage to be electrified 17 

motive power, imminent necessity for increase 10 

purchase of electric power advised 18, 19 

scope of investigation 63-64 

standardizing of motive-power equipment 18, 52-53 

switcher serviec, steam and electric, coal consumption. . 61-62, 67 

Raquette River, hydroelectric development 196 

Reading, Pa. See load centers in tablee. 

Reliability of superpower service 25,218 

Reproduction cost, defined. 15 

of electric-utility plants compared with cost of supeci>owOT 

plants 17 

Rhode Island, electrio-power companies engaged in public service. 252 

power-supply equipment of industries 126-127 

Rights of way, requirements 206-207 

Rivers , development beyond primary power 24 

resources for hydroelectric power 192-194 

Rubber goods manufacturing, powereupply equipment and fuel 

used 116-117,142 

Rushmore, David B., expert servlcew 28 

Rutherford, T. B., service as an assistant division engineer 27 

Imlay, L. E., and others. Electric utilities in independent op- 
eration in the superpower tone in 1919. 32-49 

s. 

St. Lawrence River, hydroelectric development 200 

price of power 24 

use of power in 1932 22,164,170 

Savings. See Economy. 

Schenectady, N. Y., power plant needed near 18 

See aleo load centers in tablee. 
Scranton, Pa. See load centers Hi tabiea. 

Bhepard, F. H., expert service 28 

Shipbuilding, powereupply equipment and fuel used 118-119, 142 

Short circuits, provisions oonceming... 206 

Silk industries, powereupply equipment and fuel used 94-86, 142 

Sloan, Matthew S., service on the advisory board. 27 

Slaughtering Industries, power^upply equipment and fuel used 90- 

91,142 
Smith, George Otis, appearance before House Committee on Ap- 
propriations 

Foreword by. 9-10 

Standardisation of motive power equipment for railroads. 18, 52-68 

Steam-electric plants, cost in proportion to site 28 

economy from joint use with hydroelectric plants 21-22 

existing , annual production cost 183-184 

capacity and performance 43-45,46,48,182 

investment cost 182-183 

quantities and cost of coal used 46,48 

that use bituminous coal nerformance and operating cost. 46,47 
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Steam-electric plants, new base-load, character 23, 184-185 

new base load, location 23,184,185,188-180 

location , In the coal-mining regions 180-191 

number required in 1925 and in 1930. 23 

performance. 185-1 86 

diagrams showing 186 

unit investment coat 23, 185-187 

unit production cost 23,187-188 

Steel works and rolling miDs, power-supply equipment and fuel 

used 98-99,142 

Stevens, John A . , expert service 28 

Stone products not otherwise specified, powernnipply equipment 

and fuel used 108-109,142 

Street railroads, electric, percentage of power demand used 33 

electric, use of 25K7cle energy 153 

Substations, electric, capacity requirements for 1919, 1925, and 

1030 163 

electric, design and equipment , 214 

investment cost 215 

operating cost 217 

Sugar reflneries, power^upply equipment and fuel used 92-98, 142 

Summary of appendixes, by W. H. Murray 16-26 

Summary report 11-26 

Sunbury, Pa., steam-electric plant needed near 13 

Superpower, origin of the term 11 

Superpower zone, geographic divisions, map showing 12 

limits 13,56 

map of the northeastern United States showing 12 

Susquehanna River, condensing-water supply for a steam-electric 

plant 191 

hydroelectric development 13, 24, 195-196 

System, electric, choice for railroads 18 

T. 

Tapping of transmission system, minimum load 20 

Taxes, estimate 226 

Tender and fuel, saving tn haulage 60 

Terms used, definitions 15 

Territory covered by the survey 13, 55 

Textile industries not otherwise spedfled, power«upply equip- 
ment and fuel used 08-99,142 

Thomas, Percy H., expert service 28 

Time occupied by the survey 10 

Tobacco manufaotures, power«upply equipment and fuel used. . . 112- 

113,142 

Ton-miles, total, defined lA 

trailing, defined 16,60 

Traction, heavy, cantribqtors of information go 

Traffic, density, a contrQUing tector in railroad eleotriflcatlon 17 

Transmisaion, contributors of inftarmatloa 38-20 

TmnimiHglcin Unit, eadrting, inqniries concerning 237 

exiitlng, map of northeoBtem United States showing. ... In pocdcet 

milMgiandutllliatiflQ 34,904 

s u perpower, derign. 306-306 

mileageandroutesneededinlOlO, 1035, and 1930 163 

performance, methods of calculating 307-214 

Transmission system, superpower, extent and capacity 24-26 

superpower, in 1025 and 1930, maps showing 14 

interconnecting lines 204-206 

Investment cost, percentage of investment cost of sui>er- 

power system 21 

operating cost 217 

summary 24-36 

unit investment cost 215-216 
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Transmission system cost, definition 16 

Trenton, N. J. See load center a in tabUe. 

Tryon, F. O., Lesher, C. E., and others, The relation of coal and 

coal delivery routes to the superpower system 219-222 

V. 

Ulster & Delaware Railroad omitted from sun'ey 75 

Unit investment cost of power plantji 21 

United Electric light & Power Co., early contract with, for power 

for New Haven road 18 

Hell Gate station 12 

United States Geological Survey, water-resources branch of, ad- 
ministrative work 10 

Units, size considered '. 17 

Users of power, number, in the superpower zone 13 

Utica, N. Y., power plant needed near 13 

See aleo load centers in tables. 

Utilities, electric, existing, capacity of power plants 42 

electric, existing, demand for power 32, 33 

existing, distribution of load 32;83 

plate showing 35 

economy possible 12 

frequencies used 32 

growth of load 34 

plate showing 34 

loads carried on typical days, Saturdays, and Sundays . 34-41 
number of power-generatbig units of different sizes ... 42, 43 

number of power plants of different capacities 42, 43 

output of power 32 

performance of power plants 43-46 

production cost of power 48-40 

provision for peak loads 34 

quantities an^ cost of coal used in power plants 46, 48 

reproduction cost ot power plants 17 , 40 

V. 

Vamey, Theodore, expert service 28 

Vehicle manufacturing not otherwise specified, power-supply 

equipment and fuel used 114-115, 142 

Vermont, electric-power companies engaged in public service. . . 262-263 

power-supply equipment of industries 124- 125 

Virginia, electric-power companies engaged in public service 254-255 

Voltages selected 13 

W. 

Washington, D. C, hydroelectric plant needed near 13 

See aUo load centers in tables. 
Waterbury, Ckmn., steam-electric plant needed near 13 

See also load centers in UMes. 
Water-CBSources branch of United States Geological Survey, ad- 
ministrative work 10 

Water power. fiwHydroeleotric power. 

WaterworkiffiaelttMd 144 

WebfteTi Eoieai expert aervloe. 28 

WeUwoodi Arthur B.fiervioeaf an aiiUtant division engineer... 37 

Floodi Henry, Jr., and othen, Perflbnnanoe and coit of the 

superpower system 14ft-181 

Western Maryland Railway omitted fktim survey 75 

Whitsit, Lyle A., service as an assistant division engineer 27 

Imlay, L. £., Peterson, B. J., and others. Hydroelectric 

plants for the superpower system 102-203 

Wllkes-Barre, Pa. See load centers in UMtt. 
Wilmington, Del. Su load centers in tobies. 

Withington, Sidney, expert service. 28 

Woolen industries, power-supply equipment and fuel used . . . 04-06, 142 
Worcester, Hass. Su load centers in tables. 
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